CONNECTICUT RIVER BASIN

IGHTVILLE D
ODIFICATIO

WESTFIELD RIVER
MASSACHUSETTS

FEASIBILITY REPORT-.ROR -WATFER -RESGURCES -BEVELOPMENT

RETURN I0 FILE

ENGINEERING DTVISTON WORZING
“BELURG T FILE

JUNE 1978




KNIGHTVILLE DAM
MODIFICATION

FEASIBILITY REPORT
FOR
'WATER RESOURCES
DEVELOPMENT

JUNE 1978



Syllabus

This report is being submitted as a result of a study wh1ch investi-
gated the feasibility and desirability of modifying the exlstmg Corps
of Engineers' Knightville Dam and Reservoir project to provide
storage for additional flood control, a recreational pool and low-
flow augmentation to enhance the downstream fishery resources.
The existing dam and appurtenant structures were reviewed to de-
termine their stability under present design criteria, and the
hydrologic and hydraulic inputs were recomputed based on present
criteria and conditions,

The Knightville Dam and Reservoir project is located in the Towas
of Huntington and Chesterfield, Massachusetts on the main hramch
of the Westfield River, Construction of the dam and other structures
was initiated in 1939 and completed in 1941. Investigations have
determined that modifying the Knightville project to provide single-
purpose additional flood control storage would not be economically
justified when viewed as ''last added' in a system for flood control
in the Westfield River Basin., This is based on recent support for
the proposed local protection project for the City of Westfield that
would protect the main damage center in the basin, Although this
report reflects single-purpose flood control can be economically
justified on a first added basis, it is not considered a wise use of
public funds as downstream flood reductions are minimal when com-
pared to the potential major flood losses in the City of Westfield.
Studies of multiple purpose uses of storage for recreation and low-
flow augmentation were considered but found not feasible because

- of environmental reasons as well as a lack of support from other
Federal and non-Federal interests, Should attitudes change as re-
lates to muiltiple-uses at Knightville and local support for the ongoing
planning studies for the Westfield L.ocal Protection Project, these
matters could be re-examined at that time.

Iavestigations also determined that modifications to the existing
spillway at Knightville are necessary to meet updated design criteria,
In order to conform to current design criteria, the spillway would be
stabilized by ihstalling a system of post-tensioned rock anchors
along the existing concrete structuré, These modifications have an



estimated first cost of $230,000. Inasmuch as the Corps is re-
sponsible for assuring the structural adequacy of its civil works "
structures, the test for economic justification is not considered
necessary., Eunvironmental and social effects associated with this
‘modification are considered to be insignificant and in fact beneficial
as relates to public safety since the proposed action involves the
strengthening of an existing structure, thereby securing its stability
and enhancing its intended purpose,

The Division Engineer recommends that funds be made available to
strengthen the existing spillway as reported herein and that such
action be accomplished under the Corps' normal Operation and
Maintenance program,
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KNIGHTVILLE DAM MODIFICATION
WESTFIELD RIVER, MASSACHUSETTS
FEASIBILITY REPORT |

THE STUDY AND REPORT

PURPOSE AND AUTHORITY

Kanightville Dam and Reservoir was authorized as one element in a
system of flood control reservoirs by the 1938 Flood Control Act,
(Public Law 75-761). Although the 1941 Flood Countrol Act (Public
Law 77-228) modified the 1938 Flood Control Act by exteading the
authorization to cover prpject uses other than flood control, changes
in the contemplated resource uses of Knightville went beyond the
scope of the 1941 authorization under which the project was con-
structed. This survey scope study was, therefore, conducted to
ascertain the advisability of modifying the existing project author-
ization, It was undertaken under authority of United States Senate
Resolution, Committee on Public Works, adopted 11 May 1962,

as follows: .

. ""That the Board of Engineers for Rivers and
Harbors, created under Section 3 of the River
and Harbor Act, approved June 12, 1902, be,
and is hereby, requested to review the reports
on the Connecticut River, Massachusetts, New
Hampshire, Vermont, and Connecticut, publish-
ed as House Document Numbered 455, Seventy-
fifth Congress, second session, and other re-
ports, with a view to determining the advisabi-
lity of modifying the existing project at the



present time, with particular reference to de-
veloping a comprehensive plan of improve-'
ment for the basin in the interest of flood con-
trol, navigation, hydroeleciric power develop-
ment, water supply, and other purposes,
coordinated with related land resources,”

EXISTING KNIGHTVILLE PROJECT

Knightville Dam is located on the Westfield River about 4 miles
north of the Town of Huntington, Construction of the dam and
other structures was initiated in 1939 and completed in 1941 at
a cost of $3,220,400, including the cost of the recreational
facilities,

The dam is of the hydraulic earthfill type with a dumped rock
shell, It has a top length of 1,200 feet and a maximum height
above the streambed of 160 feet, A curved concrete spillway,
400 feet long, is located on rock in a saddle at the west end of
the dam. The crest of the spillway is 20 feet below the top of
the dam to protect the dam from overtopping during a maximum
-probable flood. Gated outlet works, founded on bedrock, are
located under and at the right end of the dam embankment. The
gates, three in number, are normally kept open and the reser-
voir empty. During times of flood, the gates are closed to store
floodwaters in the regervoir, The reservoir has a flood control
storage capacity of 49,000 acre-feet, equivalent to 5.7 inches of
runoff from the drainage area of 162 square miles, If it should
fill to spillway crest elevation, the reservoir would have a sur-
face area of 960 acres and extend about 5 miles upstream in
Huntington and Chesterfield, A general plan of Knightville Dam
is included as plate 2,



SCOPE OF THE STUDY

This report presents the results of studies con'cer.ni_ng modifica-
tion of tne project purposes of Knightville Dam to provide a
permanent recreational pool, low-flow augmentation to en-
hance the fishery and additional flood control storage. The
existing dam and structures were also analyzed to determine
their stability under present day design criteria with the -
hydrologic and hydraulic analysis recomputed on the basis
of present conditions, Emphasis was given to those cities
and towns that would be directly affected by modifying
Knightville Dam, namely those communities in which the
project is located as well as those along the Westfield River
downstream of the project. The Westfield River Basin is
shown on plate 1, Several alternative plans were investi-
gated to solve the area's water rescurces problems. The
selection of the most feasible plan was made after consid-

ering all factors, including those expressed by concerned
agencies and local interests.

STUDY PARTICIPANTS AND COORDINATION

The advisability of modifying the project purposes at Knight-
ville Dam required close coordination between the Corps of
Engineers, Federal, State and local officials, and interested
associations and individuals. This coordination included work-
shop meetings to determine the needs and desires of State,
local and other interests, and a public meeting held in
‘Huntington, Massachugetts on 15 June 1976.

Pertinent correspondence exchanged among participants dur-
ing the study is contained in Appendix 2.



THE REPORT

This report is presented in two parts, namely the main
report and three appendices. The main report provides
the results of the feasibility studies and provides a broad
view of the overall study together with recommendations.
Appendix 1 presents the results of a hydrologic review of
spillway and storageé capacities at Knightville Dam.,
Appendix 2 contains pertinent correspondence while
Appendix 3 contains a report on the stability analysis of
structures at the dam., '

PRIOR STUDIES AND REPORTS

The report dated 20 March 1937 and printed as House
Document 455, 75th Congress, 2nd Session, reviewed pre-
vious reports on flood control for the Connecticut River
Basin, A revised comprehensive plan for flood control
followed which recommended construction of 20 reservoirs
and dikes at seven localities, including Knightville Reser-
voir on the Westfield River, This plan was authorized by
Public Law 761, 75th Congress, approved 28 June 1938,

An interim report dated 29 January 1940 and printed as

House Document 653, 76th Congress, 3rd Session, .consider-
ed revisions of authorized local protection works at seven
localities, including West Springfield along the Westfield and
Connecticut Rivers. The report recommended that the author-
ized plan be modified to provide for construction of the local
works in accordance with revised plans. The plan was



authorized by Public Law 228, 77th Congress, approved 18
August 1941,

Flood control and allied water uses in the Westfield River
watershed were discussed in part 2, Chapter XXI, of "The
Resources of the New England-New York Region'! NENYIAC
Report, This report was a comprehensive survey of the
land and water and related resources of the New England-New
York region prepared by the New England-New York Inter-
agency Committee, The report was submitted to the Presi-
dent of the United States by the Secretary of the Army on 27
April 1956, The flood control plan set forth in this report
included two flood control reservoirs in the Westfield

River watershed, Knightville (constructed) and Littleville

{ recommended},

An interim report dated 30 April 1956 and printed as Senate
Document 17, 85th Caongress, lst Session, reviewed the need
for additional flood control reservoirg in the Westfield River
watershed and recommended that the authorized plan for
flood control in the Connecticut River Basin be revised to
include Littleville Dam and Reservoir on the Middle Branch
of the Westfield River. This project was authorized by the
Flood Control Act of 1958, approved 3 July 1958.

A Flood Plain Information Report for the City of Westfield
was prepared by the New England Division, Corps of Engi-
neers and published in June 1969, This report, prepared
for the City of Westfield, deleneates the flood plains of

the Westfield and Little Rivers.

A 7-year Federal-State Level-B study effort resulted in a
report, "Comprehensive Water and Related Land Resources, '
dated June 1970. The Coordinating Committee, which

guided this study, recommended a 1980 Connecticut River
Basgin Plan to meet the immediate water related needs of

the basin, One of several elements of that plan was the
major structural modification of the existing Knightville
project, ‘



The Water Resources Council in reviewing the Connecticut
River Comprehensive Study defermained that further flood
control studies were needed in the Connecticut River water-
shed, Accordingly, the Council asked the New England
River Basins Commission to chair a Federal-State supple-
mental study of Connecticut River Basin., The resulting
report, '"The Rivers Reach, ' dated December 1976, pre-
sented a unified program for flood plain management in

the Counecticut River Basin. This program emphasizes the
use of nonstructural measures to reduce vulnerabilifiy to -
flooding and, within this long-term regional strategy, the
use of structural measures to modify flooding in specific
local situations,

The Northeastern United States Water Supply Study (NEWS),
started in 1966 and completed during 1977, is an aftermath
of the unprecedented drought that started in 1960 over the
northeastern seaboard of the United Staes, In October 1965,
Congress authorized the Secretary of the Army to cooperate
with Federal, State and local agencies in preparing plans to
meet the long-range water needs of the northeastern States,
The NEWS study area includes all of the river basins that
drain into Chesapeake Bay, the Atlantic Ocean north of
Chesapeake Bay, Lake Ontario and the St. Lawrence River,
It is anticipated that future plans to meet the water needs of
this area may include major catchment reservoirs, large '
conduits to transfer water from one basin to another, and
major purification facilities to be constructed under Federal
auspices with appropriate non-Federal financial participation.

STUDIES IN PROGRESS

A study of local flood protection for the densely populated flood
plain of the City of Westfield is in progress. Alternatives
under consideration provide for varying lengths of earth dikes,
concrete floodwalls, channel relocations and appurtenent



structures along the Westfield and Little Rivers and Powder-
mill Brook., The study is being conducted in accordance with
the long-range planning concepts of the Connecticut River
Rasin plan and is scheduled for completion in fiscal year 1978,

In response to recommendations inclided in ""The Rivers
Reach', the Corps has initiated flood plain management studies
for six communities in the Connecticut River Basin. These
communities include Kast Hartford, Glastonbury, Rocky Hill
and Wethersfield, Connecticut; Northampton, Massachusetts
and Keene, New Hampshire, The studies will examine all
techniques of flood plain management within the 100-year flood
limit. These techniques include flood proofing, raising or re-
locating structures, instituting flood plain zoning and certain
building code requirements, purchasing flood-prone land or
development rights on this land, developing a flood warning
and evacuation programtand applying the National Flood Insur-
ance Program, The studies will also examine the institution-
al arrangements that will be necessary to implement a
successful program and establish cost-sharing arrangements.
The studies are scheduled to be completed by 1981,

RESOURCES AND ECONOMY
OF THE STUDY AREA

: \ :

Knightville Dam and Reservoir is located in the Towns of
Huntington and Chesterfield, Massachusetts on the main braach
of the Westfield River. The Westfield River Basin, the fifth
largest watershed in'the Connecticut River Basin, covers a
large portion of the eastern slopes of the Berkshire Hills in
Western Massachusetts. The watershed has a total drainage
area of 517 square miles, an approximate length in a north-
south direction of 48 miles, and an average width of about 11
miles (see plate 1). Principal tributaries of the Westfield
River include the West and Middle Branches of the Westfield
River and the Little River, Drainage areas of the Westfield
River and its principal tributaries are listed in the following
tabulation:



River Location Miles above Sq. Miles
Mouth of West- Drainage
field River Area

West field River Mouth 0.0 517

Westfield at West-

field Gage 8.4 497
Confluence with

l.ittle River 11.3 361
Above Upper

City Limit 17. 3 347
At Knightville Dam 28,3 162

West Branch At mouth 24.7 93,7

Middle Branch At mouth 26.0 52.6

Little River At mouth i1. 3 84

" The study area encompasses those communities that would be dir-

ectly affected by modifying the Knightville Project.

This inqludes

the City of Westfield and the Towas of Chesterfield, Huntington,
Montgomery, Russell, Agawam and West Springfield, Chester-
field and Huntington have project lands with in their boundaries,
The others, communities situated along the Westfield River down-

stream of the project, are affe

at the dam,

cted by flood control operations



"ENVIRONMENTAL SETTING
" AND NATURAL RESOURCES

The westerh fringe of the study area is mountainous with steep
slopes reaching to elevations of 1, 300 feet. In this rugged

upland region, streams flow swiftly through narrow and steep-
sided valleys toward the broad valleys in the eastern portion of
the study area. Within these broad and relatively shallow valleys,
the gradient of the Westfield River flattens and sizabie flood
plains abut the river, '

A large portion of the study area is in the rugged upland region
which is composed of geologic formations strikingly different
from those underlying the extensive Connecticut River lowland,
These formations are made up of ancient crystalline rock of
igneous and metamorphic origin. The much younger geologic
formations are composed chiefly of slightly inclined sedimentary
strata. These softer formations are in turn overlaid by thick
glacial deposits, making possible a few profitable sand and
gravel pit operations. A noted geological feature in the basin
is the Chesterfield Gorge, a chasm located on lands owned and
managed by the Trusties of Reservations about 6, 5 miles up-
stream of Knightville Dam.,

The climate of the Westfield River Basin varies according to
the topography, with the lower elevations in the eastern portion
of the study area experiencing a milder climate than the higher
elevations to the west, The mean annual temperature varies
from 50° F in the lower valleys to 44° F in the mountainous
regions, Extremes of 102° F and 30° F have been recorded in
the basin. Precipitation averages about 46 inches annually

and is fairly uniform throughout the year., The mountainous
region receives slightly more precipitation than the valley, espec-
. ially in the winter, Mean annual runoff for the Westfield River
is 26,12 inches.

The study area is rich in natural resources. The Westfield

River and its tribufaries are used for recreation, fish and wild-
life, power, and municipal and industrial water supply. Terraces
and ridges are covered by mature woodlands of the northern '
hardwood's zone, characterized by American beech, yellow birch
and sugar maple, More open areas and former farmlands nurture



ghort-lived pioneer species such as aspen and grey and paper birch.

I;”). unpopulated areas, such as the one surrounding Knightville Bam,
there are white-tailed deer, a few black bear, red and grey foxes,
raccoon, otter, beaver and many smaller animals. Small popula-
tions of wood ducks and hooded merganzers inhabit the area and
black ducks, blue-winged teals, green-winged teals and American
merganzers use the Westfield River as a feeding and resting area
during migration, Fish are plentiful here, These include warm
water species such as perch, bass and pickerel in the lower por-
tion of the Westfield River and cold water species such as brown
and rainbow trout in the upper portion and in tributary streams.

Since its completion, the Knightville project has provided an area
for hunting and fishing, and, in recent years, a camping area has
been established, One of the State's most heavily stocked and
hunted pheasant areas is located in the reservoir. A State trout
stocking program also insures good fishing in the vicinity of the
dam. In addition, in conjunction with the Westfield Chamber of
Commerce, stored floodwater has been released during the spring
months to make white-water canoeing possible,

'HUMAN RESOURCES

The 1970 census placed the population of the study area at 85, 726,
This reflects an 84 percent increase over the 1930 population of
46,614 for a compound growth rate of 1.5 percent per year., A
1970 Lower Pioneer Valley FPlanning Commuission report projects
a total population of 113, 600 by 1990, an increase of 33 percent.
This projection of a compound growth rate of 1,4 percent per year
is comparable to the historical steady growth of the area and
appears to be reasonable,

The major centers of population, or urban areas, include West-
field, West Springfield and Agawam, They account for 85 percent
of the people in the study area. The population density of the urban
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areas averages 937 persons per square mile while the remaining
rural towns average 47 persons per square mile, Population den-
gity has increased in both urban and rural areas in the past, and
it is expected that this trend will continue because of the avail-
ability of buildable acres and the recent increase in construction
of multifamily dwellings in urban areas.

While information for all communities was not available, the_;‘
following tabulation of county statistics for 1970 provides data
which is representative of the study areas. The Towns of Chester-
field and Huntington are sifuated in Hampshire County and the
remaining communities ar: situated in Hampden County,

ITEM _ Hampden County Hampshire County
Population 459, 070 - 123,981
Population Denlsity

(persons/sq. mile) 737 234
Median Age 29,1 24,8
Median Family Income $8, 431 | $5,197

Per Capita Income $3,240 - $3,008

Education Attainment
{School years completed) 12.1 : 12.2

DEVELOPMENT AND ECONOMY

Within the study area, West Springfield, Westfield and Agawam are
the only communities having major commercial or industrial dis-
tricts, They also have a significant amount of residential land and
parcels of agricultural, recreational and open land, In the remainder
of the study area, which includes the Towns of Huntington, Chester-



il

field, Montgomery and Russell, developed land is used primarily
for recreation, agriculture and Lousing. However, much of the

land in these sparsely populated towans is undeveloped.

Land use for the s‘.tudy area is shown in the following tabulation:

Land Use Category Acres P.ercent
Residential 8,185 7.3
Commercial and Institutional 1,614 1.4
Industrial ‘ 1,061 _ 1.0
Transportation ' | 4,520 4,0
Recreational | 18,244 16.3
Agricultural - 14,067 12.5
Vacant Land 64, 569 "57.5

C 112,260 100, 0

In both Hampshire and Hampden Counties, the manufacturing in-
dustry employed the largest percentage of people in 1971, with
the service industry ranking second in Hampshire County and
wholesale and retail trade ranking second in Hampden County,
Manufacturing activity is concentrated in West Springfield, West-
field and Agawam, where paper products, machinery, electrical
equipment, packaging materials, heating equipment, sporting
goods and chemicals are major products. In smaller, more re-
mote towns in the study area, the trade and service industries
are more important since they focus on summer and fall recrea-
tion and tourism, :

Excellent transportation routes, including interstate and state
3
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highways, railroads and two airports, tie the area to other popu-
lation centers such as Boston and Springfield, The availability
of this systermn makes the area suitable for industrial and other
economic development,

The general location and availability of a skilled labor force
offers a potential for industrial growth in the urban areas. Con-
tinued growth and dispersion would increase the demand for
housing as well as stimulate growth in the consumer-oriented
businesses, '

Rural communities in the study area should continue to experience
years of slow population growth and land development., The
countryside will likely maintain its character of small central
communities with surrounding agricultural, recreational and
undeveloped lands, Recreation should continue to rank among

the most important future-growth industries in this area.

PROBLEMS AND NEEDS

The water resource problems and needs include flooding along the
Westfield River downstream of the Knightville project, recrea-
ftion, counsideration of the use of low-flow augmentation to enhance
the fishery and changes in design criteria since the project was
completed,

STATUS OF EXISTING PLANS
AND IMPROVEMENTS

Existing flood control improvemenuts affecting the Westfield River
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include the West Springfiéld and Riverdale Loocal Protection pro-
jects, Knightville Dam, and Littleville Lake, a mualtipurpose
flood control and water supply reservoir. Three Soil Conserva-
tion Service flood retarding structures are also located within

the basin. A dike constructed by the Commonwealth of Massachu-
setts is located along the right bank of the Westfield River in the
vicinity of the Elm Street Bridge in Westfield, In addition, sto-
rage is provided at several water supply reservoirs which pro-
vide some incidental flood control.

The improvements noted are discussed in more detail in the
following paragraphs,

{(a} Local Protection

The West Springfield flood protective works are located along 2

miles of the west bank of the Counnecticut River and 3 miles of the
north bank of the Westfield River, The project included the construc-
tion of earth dikes, floodwalls, three stoplog structures and five
pumping stations. Construction was started in 1936 and the latest
improvement was completed in 1953, About 1,100 acres of highly
developed industrial, commercial, public and residential property

is protected. The project is operated and maintained by the

Town of West Springfield, '

%

At Westfield, the dike on the right bank of the Westfield River upstream
of the Elm Street Bridge was constructed by the city prior to 1869,

This dike has been overtopped or washed out several times, After

the 1938 flood, it was rebuilt and extended downstream by the
Commonwealth of Massachusetts. In 1955 this dike failed again by
overtopping. Although the dike has since been repaired, it gives

only limited protection to 2 highly developed section of Westfield,

A study of local flood protection for the City of Westfield is in
progress. Alternatives provide for varying lengths of earth dikes,
concrete floodwalls, channel relocations and construction of
appurtenant structures along the Westfield and Little Rivers and
Powdermill Brook. Westfield is located in the lower Westfield
River watershed. Although additional storage at the Knightville
project would reduce the level of flooding in Westfield, the city
would still be subject to flooding from the uncontrolled drainage

14



area below the Knightville and Littleville project.
i/
(b) Dams & Reservoirs

Littleville Dam is located on the Middle Branch of the Westfield River,
one mile upstream of its confluence with the main river., Completed
by the Corps in 1965, the project provides a multipurpose flood con-
trol and water supply reservoir with a total storage capacity of
32,400 acre-feet, of which 23,000 acre-feet (equivalent to 8,2 inches
of runoff from the coatributing drainage of 52.3 square miles) is
reserved for flood control, The water supply storage, which will
yield an average of 17.5 million gallons per day, is for future use by
the City of Springfield as a participant under the provisions of the
Water Supply Act of 1958, As part of the comprehensive plan for
flood protection in the Connecticut River Basin, this project reduces
flooding at damage centers on the Westfield and Connecticut Rivers,

(c) Soil Conservation Service

The Soil Conservation Service has completed three flood retarding
structures in the Westfield Basin. These are the Black Brook,
Powdermill Brook and Arm Brook projects, All of these structures
are located on small tributaries of the Westfield River and reduce
flooding in areas immediately downstream. Inasmuch as they con-
trol a total of only 10, 3 square miles or 2 percent of the Westfield
River watershed, their effect on reducing flood stages along the
Westfield River is relatively minor,

(d) Other

A Flood Plain Information Report for the Westfield and Little Rivers
was completed by the New England Division for the City of Westfield
in June 1969, Information developed for this report is being used
for other Flood Insurance Studies currently underway by the Depart-
ment of Housing and Urban Development for the City of Westfield and
the Town of Agawam,

The Flood Disaster Protection Act of 1973 requires that communities
adopt effective zoning and building code regulations in order to
qualify for the Federal Flood Insurance Program. Most of the
communities along the Westfield River are eligible for emergency

15



flood insurance ayd are waiting for Flood Insurance Studies to be
accomplished, It is anticipated that these communities will adopt
regulations neceesary for participation in the National Flood
Insurance Program once these studies are completed, but the time
frame for qualification is unknown. '

A Flood Insurancé Study was recently completed for the Town of
West Springfield by the Corps of Engineers.

FLOOD PROBLEMS

Damaging floods have occurred aloung the Westfield River since
the. founding of the first settlements in the basin. Reliable re-
cords of flood stages have been maintained since 1909, Major
floods which have occurred in the basin since 1927 are listed as
follows:

November 1927

March 1936

September 1938

December 1948

August 1955

October 1955
These floods resulted in the coastruction of Knightville Dam,
completed in 1941, and Littleville Lake, completed in 1965, {See
plate 1). Since completion of the Knightville project, there have
been about 60 significant reservoir operations. The most notable
of these took place in December 1948, when the entire storage
capacity of the reservoir was utilized and a small amount of spill-
way discharge occurred. In August 1955, the reservoir was more

than half filled and in October 1955, nearly all of its storage was
utilized. Although 'reser_voir operations at the Knightville and
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Littleville projects have resulted in a significant reduction in down-
stream flood damages, areas in the lower Westfield River Valley
remain susceptible to flooding from the uncontrolled watershed
below these projects.

The areas currently susceptible to flooding in the Westfield River
Basin are located on the valley floor in the lower portion of the
basin., This area includes the broad flood plain the the City of
Westfield and low-lying areas in the Town of West Springfield. The
. majority of flood losses would occur within the City of Westfield
where the Corps is investigating the feasibility of constructing a
local protection project. The flood-prone area in Westfield is
characterized by extensive development in the central business dis-
trict and along the main transportation routes. The remainder of
the developed flood plain is predominantly residential or agricultur-
al, Within this area there are more than 1, 400 residential pro-
perties, 350 commercial and industrial establishments, 18 public
buildings and.7 farms, These properties have an assessed value

in excess of $40 million,

In West Springfield several residences and three paper mills are
susceptible to flooding., Main transportation routes which cross
the area are also subject to some inundation. However, most of
the town is protected by local protection works constructed by the
Corps of Engineers,

Avegrage annual flood damages for that portion of the Westfield
River flood plain affected by flood control operations at Knightville
Dam and Littleville Lake are estimated to be $1,485, 300, This
consists of average annual damage of $1, 376, 000 for the City of
Westfield and $44, 900 for the Town of West Springfield under cur-
rent conditions, and $64, 500 due to future economic growth in
affluence in these area.

RECREATION NEEDS

Present public use facilities at Knightville Reservoir consist of
camping, pichnicking, cold water stream fishing, hunting and sunow-
|
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mobiling on the 2,"';430 acre reservation. Stored [loodwater has also
been released to ‘make white-water canoeing possible. ‘But there is
no current pernlal.hent pool at the reservoir {or recreational pursuits,
This natural area also fills a need for passive rccreaticn and pro-
vides habitat suitable for fish and wildlife production.

As a componeunt to the Connecticut River Basin Level B Comprehen-
sive Study, the Bureau of Qutdoor Recreation prepared a report
presenting an outdoor recreation plan for the basin. This report
determined that existing and anticipated recreational developments
in the portion of the basin would not satisfy the 1980 demand for the
four key recreational activities namely camping, picaicking,
swimming and boating. Consequently, the redevelopment of several
water resource projects, including further development of ~
Kuightville Reservoir, was recommended for early action considera-
tion through the Corps of Engineers and the Statewide Comprehensive
QOutdoor Recreational Programs,

LOW FLOW AUGMENTATION NEEDS

In conjunction with consideration of a recreational pool at Knightville
Reservoir a small amount of storage to augment downstream flows
and enhance the downstream fishery resource was considered. To
prevent interference with the functioning of a recreational pool these
releases would be made during the late summer wheun the recreation
pool could be drawn down. )

OTHER WATER RESOURCE CONSIDERATIONS

Other water resource needs such as water supply and hydroelectric
power generation were investigated in the l.evel B Comprehensive
Counecticut River Basin Report of 1970. It was concluded that
additional supplies of water and power are not needed in the study
area at the present time but will likely be required in the future,
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Hydro-power potentials at Knightville are considered minimal. The
creation of a permanent pool and construction of extensive transmis-
sion facilities would make such a proposal economically and environ-
emntally less attractive than other alternatives,

REVIEW AND UPDATE OF DESIGN

CRITERIA AT KNIGHTVILLE DAM

Inasmuch as Knightville was designed in the late 1930's and complet-
ed in 1941, the existing dam and appurtenant structures were analyz-
ed to determine their stability under present design criteria, and the
hydrologic and hydraulic analysis was recomputed based on present
criteria and conditions,

'STRUCTURAL ANALYSIS

A stability analysis was made of concrete structures at the Knight-
ville Dam. A report of the analysis (dated July 1974) is included
in Appendix 3, The analysis considered various loading conditions
for the following concrete structures and project features: intake
'tower, service bridge piers, spillway, spillway retaining walls
and concrete toe wall. Studies determined that all structures,
except the spillway, meet updated stability requirements.

The spillway is of a gravity wall type with an overflow spillway

weir approximately 400 feet long at the crest. The structure is made
up of 14 concrete monoliths, each of which must be stable by itself
under any loading condition., The three monoliths at the west end of
the spillway were provided with steel anchors drilled inte rock. To
satisfy the overturning stability criteria at maximum flood discharge
condition, remedial measures are necessary for the 11 monoliths
where no anchorage system was provided,
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HYDROLOGIC ANALYSIS

Iydrologic studies of spillway and storage capacities are présented
in Appendix 1 and summarized below,

To determine spiliway adequacy, the original (1940) spillway design
flood analysis was compared to present day criteria., This study
demonstrated that the present spillway does not meet current capa-
city requirements, The developed spillway design flood would not
overtop the dam but it would encroach 2.3 feet on the original 5
feet of freeboard, This would result in 2 remaining freeboard

of only 2.7 feet, The storage capacity, which is equivalent to 5,7
inches of runoff, is considered somewhat less than desirable for
the control of large hurricane or snowmelt type floods in the
mountainous regions of New England, The reservoir has been filled
to 100 percent and 96 percent of its capacity during 1948 and 1955,
respectively., Neither the spillway capacity nor the storage capa-
city pose a critical condition, However, additional storage capa-
city and increased spillway capacity should be considered as an
adjunct to other project purposes if these are found feasible.

IMPROVEMENTS DESIRED

During the process of the study, several workshop type meetings
were held with Federal, State, Local and private interests to pre-
sent the status of the investigation, and insure that the plans being
studied were acceptable and would satisfy the needs of the basin,

A public meeting was also held in Huntington, Massachusetts on 15
June 1976 to present the various alternatives considered and provide
an additional forum for those concerned to express their views on
2ll aspects of the study. I'ederal, State and Local officials and
private citizens were present at the meeting, - Those who expressed
their views were in general agreement with the need for additional
flood control in the lower basin, However, because of the environ-
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mental consequences associated with creating a permanent or gseason-
al pool, providing storage for recreation or low-flow augmentation
lacked public support,

" FORMULATING A PLAN

A plan was formulated by evaluating all potentially feasible solutions
to the water resource problems at Knightville Dam, These alter-
natives were screened based on technical, economic and intangible
criteria to arrive at a plan that best re sponds to these needs and the
desires of Federal, State, Local and private interests,

FORMULATION AND EVALUATION CRITERIA

The following technical, economic, environmental and social
criteria were used in the process of formulating and selecting a plan,

Technical Criteria

a. The Knightville project is regulated primarily to prevent
damages in the city of Westfield, the main damage center along the
Westfield River,

b. In determining surcharge depth required at the reservoir, a
spillway design flood routing was made starting with a one-half full
pool and gates operable,

c. Current design criteria for dams and appurtenant structures

were used to analyze the existing structure and to design modification
alternatives.
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f .
Economic Criteria

a, Annual tangible benefits must exceed annual project costs.

b, From an economic standpoint, the favored plan for modifica-
tion to Knightville Dam is that which maximizes net benefits,

c. An interest rate of 6~-5/8 percent was used to discount future
and redevelopment benefits, The annual cost of each alternative was
developed by amortizing the total cost over a 100 year project life
at an interest rate of 6-5/8 percent,

Envirnomental and Social Criteria

a. An interdisciplinary team of biologists, geographers, civil
engineers and other personnel was used to insure proper evaluation
of the impacts of various alternatives,

b. Public health, safety and social well-being, including poss-
ible loss of life, were carefully considered,

C. Coordiﬁation wasg maintained with interested agencies, offi-
cials and individuals to insure general public acceptance of possible
plans.,

SOLUTIONS CONSIDERED

Major structural modification of the Knightville project to provide
storage for a recreational pool and low-flow augmentation as well
a8 additional flood control storage were considered. Investigations
and meetings with ¥ederal, State local officials concerning these
proposals determined the following:

Recreational Pool - Recreational development for all pool levels
considered was limited by the topography of the area, which is
characterized by steeply sloped narrow valleys, Investigations of
both a permanent and summer recreational pool determined that a
pool with a surface elevation of 528 feet m. s.1l. and surface area of
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220 acres would maximize recreational use at the project. At
elevation 528 m, s, 1. the pool would inundate 2,5 miles of free
flowing cold water stream fishery and result in the creation of a
warm water fishery of marginal qudlity., Bottom land, which is
presently stocked with pheasants and managed for public hunting,
would be inundated. Although a summer pool could be drawn
down prior to the fall hunting season, severe damage to existing
vegetation could result in the creation of mud flats and subsequent
elimination of this activity, Relocating this hunting activity to ‘
another area was investigated but no suitable site was located,
Fish and wildlife agencies were also opposed to the creation of a
permanent or summer recreational pool because of the loss of

an existing cold water fishery, as well as the loss of one of the
State's most heavily stocked and hunted pheasant areas, Due to
nigh construction costs associated with providing storage for a
permanent pool and the fact that the topography would limit
recreational development, the State was also reluctant to.cost-
share in such a proposal. Accordingly, creating a pool for
recreation was eliminated as a project purpose at this time,

Low Flow Augmentation - Consideration was given to providing
low-~flow augmentation in conjunction with recreational develop-
ment. It was found to have minimal effect on the downstream
fishery as the amount of flow augmentation that could be made
available was relatively small, Further, these releases would
occur during the late summer when the majority of the State
stocked fish have been harvested, Flow augmentation for enhance-
ment of the downstream fishery was found to lack economic
justification, DBenefits accruable to water quality purposes were
found to be minimal and lacked support from the Environmental
Protective Agency. Providing a pool for flow augmentation alone
was discarded as it would produce adverse environmental effects
similar to those examined for recreational purposes,

Additional Flood Control Storage - Additional flood control storage
at Knightville received major attention in this study. The princi-
pal area to be benefited by additional storage would be the city of
Westfield, and, as the Corps was considering local protection at
Westfield as part of a separate study, the relationship of Knight-
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ville Dam to downstream local protection was closely considered,
Reviewing Knightville Dam in light of current design criteria, which
has changed since the project was designed of the late 1930's, was

a further requirement of this study.

Inasmiuch as reevaluation of other water resource needs of Knight-
ville proved unwise and lacked support, the planning objectives were
directed towards the feasibility of providing additional flood control
storage at Kunightville Dam and more importantly satisfying updated
design criteria, In arriving at a recommended plan, three alterna-
tives were evaluated, namely: )

I. Do Nothing

1, Modify the Knightville project to conform solely to updated
design criteria,

111, Modify the Knightville Project to conform to updated desigun
criteria and provide additional flood control storage.

Alternative I - Do Nothing

Rely upon existing flood control facilities for flood protection without
satisfying current design criteria,

Alternative Il - Modify the Knightville Project to . Conform Solely to

Updated Design Criteria

Stabilize the existing spillway by installing a system of post-tensioned
rock anchors., Corps of Engineers' freeboard requirements would be
met by operating the gates rather than physically raising the dam and
appurtenances. Such an alternative relies on locally sponsored flood
plain management measures and structural options such as Westfield
Local Protection Project now under study to provide flood protection
for that city. ‘

Alternative III - Modify the Knightville Project to Conform to Updated
Design Criteria While Providing Additional Flood Control Storage

Operation of the project would remain basically unchanged except that
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floilndwaters could be stored earlier and held for longer periods with
less chance of exhausting storage capacity. This alternative takes
advantage of an existing damsite and to provide some small amount
of additional flood protection to downstream areas. Changeg neces-
sary to meet current design criteria would be included under such
a plan,

ALTERNATIVES CONSIDERED FUR.THE.R

During investigations it was found that construction of the proposed
We'stfield Local Protection Project would provide more positive
protection to the majority of remaining flood-prone property down-
stream of the Knightville project, namely the city of Westfield, If

~ the local protection project were built first, additional storage at
Knightville, as defined in Alternative III, could not be economically
justified. However, historically the city of Westfield has turned
down the local protection project which was initially proposed in
1963, Local cost sharing was given as a reason., Although a letter
of intent has since been received from the city of Westfield supgbrt—
ing thé local protection project, Alternative III was fully evaluated
because the city was hesitant to furnish these assurances.

Amounts of additional flood control storage considered under
Alternative 1II are as follows:

Amounts of Additional Flood Modified Reservoir

Control Storage Considered Capacity
Acre Feet Inches of Runoif Acre Feet ('1)- Inches of Runoff
4,320 0, 5" 53, 320 | 6.2"
8,640 1. 0"' 57, 640 6. 7"'
12,960 1,50 61,960 7.2
17,280 2, 0;’ 66,280 - 7. 7’l‘

(1} Knightville reservoir has a flood control capacity of 49, 000
acre feet, which is equivalent to 5. 7" of runoff.

il
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SELECTING A PLAN

Different amounts of additional storage for flood control purroses
were evaluated in terms of their effectiveness in controlling down-
stream flooding and the cost of providing this storage. Alternative
methods of raising the dam, stabilizing and raising the spillway, and
raising other structures were analyzed to determine the most
economical method of modifying these structures.

Estimates of first costs provided for raising the dam, spiliway

and appurtenant structures and for acquiring the necessary real
estate interests, These estimates were based on 1977 price levels
and include a contingency allowance of 15 percent. Engineering and
design and supervision and administration are estimated lump sum
items and amount to about 12 percent. The cost of engineering and
design, as compared to projects with a similar cost, was cousider-
ably reduced because of the availability of detailed engineering infor-
mation developed for the original construction. The annual cost for
each increment of additional storage was then computed using an
intérest rate of 6-5/8 percent and a project life of 100 years.

Estimates of average annual benefits expected to result from each
increment of additional storage were made based on 1977 price
levels, The great majority of area that would be afforded addi-
tional protection lies within the extensive flood plains in the City
of Westfield, Benefits evaluated include inundation reduction,
affluence and area redevelopment. Because a change in the basic
nature of the use of the land would not be caused by the project,
location and/or intensification benefits were not included,

Annual costs and benefits were compared to determine the point where
net tangible benefits would be maximized in order to optimize the
amount of additional flood countrol storage that should be provided at
Krightvilie Dam, This comparison is shown on Table 1. On this
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Additional Flood
- Control Storage

TABLE I

ANNUAL COSTS AND BENEFITS OR
PROVIDING VARIOUS INCREMENTS OF

ADDITIONAL STORAGE

Total Flood
Control Storage

Excess Benefit

Inches of Inches of Total¥ Annual ¥¥ Annual B/C
Acre~Feet Runioff Acre«Feet Runoff First Cost Cost Benefits Ratio Over Cost
4,320 0.5" 53,320 6.2: $2,215,000 ’$147,000 $145,100 0.99 ~-$ 1,900
8,640l | i.0" 57,640 6.7" $3,587,000 $238,000  $277,500 1.17 $39,500
12,960 1.5 61,960 7.2" $5,655,000 $375,200 $381, 300 1.02 $ 6,100
17,280 2,0" 66,280 T.T" $7,300,000 $484,400  $486,200 1.00 $ 1,800

¥ Based on 1977 price levels,

¥¥Based on an interest rate of 6-5/8 percent and a project life of 100 years.,

lMaximized plan.

The existing Knightville project has a flood control capacity of 49,000 acre-feef, which is equivalent to

5.7 inches of runoff.



basis it was determined that providing 8, 640 acre feet of additional
flood control storage produced maximum net benefits, Storage be-
yond this point would not be economically justified on an incremen-
tal basis.

Because Knightville Dam has been in existence since 1941, any
major social impact which may have resulted from its construction
has already occurred and modification of the structure will have
only a minor impact on the area, '

Environmental impacts of modifying the Knightville project to pro-
vide additional storage produce two areas of some minor concern:
those related to increased impoundment capacity and those associ-
ated with construction. Providing the increments of additional
storage as outlined would increase the surface area of the flood
control pool at gpillway crest from the present 960 acres to between
1,005 (1/2") and 1, 140 acres (2,0") and would result in the temporary
inundation of an additional 45-180 acres of land. The additional im-
pact to existing vegetation is considered to be minor and temporary
as the meximum pool elevation would normally be maintained for no
more than a few days. Consiruction would cause temporary in -
creases in noise, dust and traffic congestion, These effects could
be minimized by traffic scheduling and adherence to noise and dust
control procedures, Some additional structural encroachment on
the east end of the dam would disturb existing vegetation, but
appropriate landscaping would mitigate any loss of existing shrubs
and trees. o

After addressing the engineering, economic, environmental and
social aspects of each increment of additional storage, providing
8, 640 acre-feet of additional flood control storage, while modify-
ing the project to conform to updated design criteria, was found
to be the best plan for reducing future flood losses along the
Westfiéld River if the Westfield Local Protection Project is not
constructed., The estimated first costs and annual charges of
providing this additional storage are summarized in the following
tabulation:
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SUMMARY OF FIRST COSTS

Dam Embankment o $1,950, 000
Access Road ‘ | 25,000
Utility Building | 25,000
Controi TO\TJGI‘ and Bridge 127, 000
Spillway Retaining Wall 360,000
Spillway ' L 680, 000
Engineering a,ndl Design | 185,000
Supervision and Administration 185, 000
Real Estate - 50, 000

TOTAL ESTIMATED FiR.ST COST $3, 587,000

SUMMARY OF ANNUAL COSTS

Interest and‘ Amortization $238, 000
(0.06635 % $3, 587, 000)

TOTAL ANNUAL COST $238, 000

These findings were presented at several workshop meetings with
interested Federal, State and local officials and at a formal public
meeting in Huntington, Massachusetts on 15 June 1976, General
agreement was expressed on the desirability of providing addition-
al storage at the Knightville project. The results of the investiga-
tion were then coordinated by letter with the appropriate Federal,
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State and local officials and interested agencies and individuals.
Letters of comment received in response to our letter are includ-
ed in Appendix 2. '

Initially, the plan to modify Knightville Dam was developed assum-
ing that the City of Westfield would not provide the necessary items
of local cooperation for the proposed Westfield Local Protection
Project. However, in a letter dated 2 May 1977 the Mayor of
Westfield wrote the Corps of his support for the local protection
project (see Appendix 2). The loss of benefits from the area that
would be protected in Westfield reduced the benefit-to-cost ratio

of modifying the dam far below unity., For example, of the total
$277, 500 in annual benefits allocated to.providing additional stor-
age at Knightville, $238, 600 is for the flood countrol function

($224, 400 for existing inundation reduction and $14,200 due to
growth in affluence) and $38, 900 is for area redevelopment.
Construction of the Westfield project would reduce the flood control
benefits by 96 percent or $229,100, Following this reduction the
remaining $9, 500 in flood control benefits plus $38, 900 in redevelop-
ment benefits represent the total amount ot annual benefits attribut-
able to providing 8, 640 acre-feet of additional flood control storage
at the dam., On this basis an annual benefit of $48, 400 was com-
-pared to annual costs of $238, 000, This results in a benefit-to-
cost ratio of 0,2 to 1.0 which clearly indicates that additional

flood control storage at Knightville Dam cannot be economic-

ally justified after construction of the local protection project

at Westfield, Accordingly, providing additional storage cannot

be recommended and Alternative II, modifying the Knightville
project to conform to update design criteria, is recommended for
implementation., This modification, which can be accomplished
utilizing operation and maintenance funds, is described in detail

in the following section.
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THE RECOMMENDED PLAN

The recommended plan provides for strengthening the
existing spillway by installing a system of post-tensioned
rock anchors as shown on Plate 3. Although the dam does
not meet freeboard requirements, sufficient freeboard
will be provided during a severe flood event by operation
of the outlet gates.,

PLAN ACCOMPLISHMENTS

The plan would insure that the Knightville project meets all
current structural design criteria, In addition, the plan
assumes that some time in the future the proposed Westfield
Local Protection Project will be constructed, thereby pro-
tecting the majority of flood-prone property downstréam of the
dam,

EFFECT ON THE ENVIRONMENT

Potential changes in local conditions were considered in
assessing the environmental impact of the proposed structural
modification, The area that would be directly affected by
congtruction activity would be limited to the existing spillway
structure and the bedrock foundation. Some noise and dust
would occur from drilling through the concrete and bedrock,
but the rural setting would tend to minimize this impact.
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Vehicle traffic would not be generated on local roads leading
to the work area as no extensive transport of construction
equipment is anticipated. Upon completion of the work, no
visible change in the spillway structure will be apparent. In
view of these minimal changes in local conditions, any
environmental impacts resulting from the spillway modifica-
tion are considered to be insignificant.

ECONOMICS OF RECOMMENDED PLAN

Inasmuch as the Corps is responsible for assuring the
structural adequacy of its Civil Works structures, the re-
commended work does not require economic justification.,
However, intangible benefits including continued structural
and operational adequacy would accrue to the proposed re-
medial measures.

COST

The cost estimate for the modification is based on November
1977 price levels and includes a 20 percent contingency fac-
tor. Engineering and design, and supervision and administra-
tion are estimated lump sum items and amount to about 17
percent. The estimated first cost of the modification is shown
in the following tabulation:
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ESTIMATED COST TO STRENGTHEN SPILLWAY

Estimated Unit Total
Item _ Quantity Unit Cost Cost
Build and femove ‘
working platform 1 Job L.S. §$ 60,. 000
Drill holes for anchors 1 | Job L.S. 27,000
Install anchors and
grout 1 Job L.S. 76, 000
SUB TOTAL $163, 000
Contingencies ZO%:I: 33,000
Total Construction Costs :$196, 000"
Engineering and Design - 14, 000
Subervision and Administration 20,000
TOTAL FEDERAL COST $230, 000
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STATEMENT OF FINDINGS

This study has reviewed and evaluated all pertinent
documents and the views of interested agencies and the
concerned public with the intent of determining the
feasibility of providing additional storage at Knightville
Dam for additional flood control and other multiple

use in the form of a recreational pool and low-flow aug-
mentation. The structural and hydrologic adequacy of
the existing project was also re-evaluated based on
current criteria and conditions. The possible conse-
quences of various alternatives have been studied for
environmental, social well-being and economic effects,
and engineering feasibility. In evaluating alternatives,
‘the following points were considered pertinent:

. Increase the degree of flood control in the
lower Westfield River Valley.

. Minimize adverse environmental effects.
. Determine economic justification,

. Maximize public health, ‘safety and social
well-being,

. Insure that the existing project meets current
design criteria.

I find that the proposed action is based on thorough analy-
sis and evaluation of various practicable alternative
courses of action for achieving the stated objectives. The
recommended action is consonant with national policy,
statutes and administrative directives and should best
serve the interests of the general public,
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RECOMMENDATIONS

I recommend that funds in the amount of $230, 000 be
provided to strengthen the existing spillway of Knight-
ville as documented in this report and that this be
accomplished under the Corps' normal operation and
maintenance program., I further recommend that no
modifications to Knightville Dam to provide storage

for additional flood control, a permaunent recreation
pool, or for low-flow augmentation releases be adopted
at this time due to a lack of economic justification and/
or public support.

HN P, CHANDLER
onel, Corps of Engineers
Diyision Engineer
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HYDROLOGIC REVIEW OF SPfLLNAY
AND STORAGE CAPACITIES AT -
KNIGHTVILLE DAM

1. -INTRODUCTION

This report presents a hydrologic review and analysis of the spill-
way and storage requirements for Knightville Dam and Reservoir located
on the Westfield River in Huntington, Massachusetts. Spiliway review
included hydrologic studies comparing the original design analysis sub-
mitted to OCE in August 1940, with the latest criteria on probable maxi-
mum precipitation distribution and freeboard analysis, as set forth in
Hydrometeorotogical Report 33 and Engineering Circular 1110-2-27, dated
1 August 1966, entitled, "Policies and Procedures Pertaining to Determ1-
nation .of Sp111way Capac1ties and Freeboard Allowances for Dams". Unit
hydrograph development for the spillway design flood was also updated
through the analysis of recent floods. The review of flocd control
storage requirements referred to analysis of historic floods, operating
experience at Knightville, high flow duration data, and comparative stor-
age capacities at other flood control reservoirs in.the basin. This re-
port was prepared both as a planning aid and in response to OCE 1Ist
Indorsement, date 7 March 1968. Re: "Review of Design Features of
Existing Dams“.

2. SUMMARY

The original spillway design flood for Knightville Dam, constructed
in 1940, is somewhat smaller in magnitude than one developed using pres-
ent ‘day criteria. Also:the storage capacity, equivalent to 5.7 inches
of runoff, is somewhat less than that considered desirable for the con-
trol of large hurricane or snowmelt type floods in the mountainous regions
of New England. Neither the spiliway nor storage capacity at Knightville
alone are considered sufficiently inadequate to pose a critical condition.
It was concluded, however, that if a major rehabilitation or modification
of the project is planned then increased spillway and storage capacity
should be considered.

3. KNIGHTVILLE DAM

a. Authority. Knightville Dam was authorized as a project for the
Westfield River basin in the Flood Control Act of 28 June 1938 (Public
Law No. 761, 75th Congress) and set forth in House Document No. 455, 75th
Congress,_Zd session. Construction of the dam was initiated in August
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| 1939 and completed in December 1941.

b. Project location. Knightville Dam i5 ldcated in west-central
Massachusetts on the main branch of the Westfield River, 4 miles north
of the town of Huntington, Massachusetts and about 27.5 miles above the
confluence of the Westfield and Connecticut Rivers in West Springfield,
Massachusetts. The location of Knightville Dam is shown on plate 1.

- ¢. Description of project. Major project components consist of a
hydraulic earthfill dam, a concrete ogee weir spillway and outlet works.
At spillway crest, Knightville Reservoir has a capacity of 49,000 acre-
feet which is equivalent to 5.7 inches of runoff from a drainage area
of 162 square miles. When filled to spiliway crest, the reservoir is
about 6 miles Tong with a surface area of 960 acres. A plan of the res-
ervoir is shown on pTate 2 and an area-capacity curve, on plate 3.

(1) Dam. The dam, shown on plate 4, cons1sts of a hydraulic
earthfill embankment 1,200 feet long with a maximum height of 160 feet
above the riverbed. Top of the dam, at elevation 630 feet msi, has a
width of 30 feet; with side sTopes varying from 1 on 2.5 to 1 on 3.0.

(2) Spillway. The existing spillway, located on the right
abutment adjacent to the dam, is an uncontrolled curved concrete ogee
weir with a fixed crest at elevation 610 feet ms1 and a length of 400
feet. The spillway, shown on plate 4, was designed for a discharge of"
91,000 cfs with maximum pool elevation 625 and a freeboard of 5.0 feet.

(3) Outlet works. The outlet works, Tocated in the right
abutment, consist of an intake channel 280 feet in length and a 16-foot
diameter tunnel 605 feet long through rock. Discharge is controiled by
three 6 x 12-foot broome gates mechanically operated from the gatehouse.

4.  REFERENCES

Authorizing documents and past reports pertaining to the subject
reservoir are 1isted below:

308 Report" - A report, dated 28 February 1935, and printéd
as House Document 4712, 74th Congress, 2d sesion.

"1937 Report" - A survey report, dated 20 March 1937, and
printed as House Document 455, 75th Congress, 2d session.

“Ana]ys1s of Design for Knightvilie Dam" - A report by NED to
Ch1ef of Enganeers, dated July 1939
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"Review of Spillway Requirements for Knightville Dam" - Report
by NED to Chief of Engineers,: dated August 1940.

"Review of Design Features .of Existing Dams" - Report by NED
to Chief of Eng1neers, dated May 1967.

5.  FLOOD HISTORY

a. Historic floods. Damaging floods have occurred along the West-
field River and its tributaries since founding of the first settlements
in the basin. Although there is little reliable information on the
magnitudes of most of these early floods, available records indicate
that the floods of October 1869 and December 1878 were severe and caused
considerable damage. The 1878 flood occurred on 10 December when 6 to 8
inches of snow fell on frozen ground, followed by rain and rapidly rising
temperatures, and produced an exceedingly high rate of runoff. A great
amount of damage occurved throughout the valley, particularly at Wesk-
field. Other known floods in the Westfield River basin prior to 1900
were March 1776, September 1826, February 1840, January 1841, April 1843,
May 1854, April 1862, April 1869 September 1879 January 1880 Apr11
1895, and March 1896.

b. Recent floods. Reliable records of flood stages in the West-
field River watershed have been maintained since 1909. Minor floods
are frequent in the basin usually due to intense rainfall, meiting snow,
or a cambination of both. Floods develop very rapidly in the basin
and experience gained from regulation of Knightville Dam and Littlieville
Lake indicates that floods or the principal branches of the Westfield
River crest about 4 hours after intense rainfall. At Westfield, the time
of ¢oncentration is about 8 hours following heavy precipitation. Six
major floods have occurred in the basin since 1927, and are briefly de-
scribed in the following paragraphs.

(1) November 1927. Rainfall in the previous month was almost
double the normal amount, saturating the ground and filling the streams
and ponds. A flood resu]ted from approximately 6 inches of rain which
fell on previously saturated ground almost continually from 26 to 30
hours between 2-4 November over the Westfield basin.

(2) March 1936. From 9 to 13 March heavy ranfall combined
with relatively high temperatures caused a portion of the snow blanket
to melt resulting in high runoff. This broke up the ice cover on the
rivers and serious ice jams occurred in the lower section of the basin.

A second rain storm of greater intensity occurred on 18 and 19
March, meiting the remaining snow blanket and causing the already swollen
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rivers to overflow their banks. Total rainfall for the two events aver-~
aged about 8 inches. :

{3) September 1938. The second most damaging flood of record
resulted from torrential rainfall accompanying a tropical hurricane which
swept over New England., Flood stage on the Westfield River exceeded
that of the 1936 flood. by almost 3 feet at several places. The princi-
pal cause of flooding was a 4-day storm totaling 10 to 12 inches of
rainfal?! on ground which had been saturated by rains earlier in the
month, and reaching its greatest 1ntens1ty during the night of 20 Sep-
tember,

(4) December 1948. This event resulted from heavy rains aver-
aging about 9 inches and falling on frozen ground, with runoff augmen-
ted by some snowmelt. Knightville Dam, constructed in 1941 was com-
pletely filled during this flood.

: (5) August 1955. The maximum flood of record was caused by
three storm centers which passed over Massachusetts, one of them
directly over the Westfield River bash. Heavy rains, totaling almost
20 inches around Westfield, fell on ground already saturated by 6 to 9
inches of rain during the previous week. The combination of saturated
soil, relatively high Tevel of streams, and great 1ntensxty of rainfall
produced major flooding throughout the lower basin,

(6) October 1955, This flood was caused by a slow-moving
continental storm passing over New England and depositing up to 13 in-
ches of rain in the basin. The Knightvilie Reservoir was aTmost com-
pletely filled during this flood.

6.  RESERVOIR REGULATION

Since completion of Knightville Dam in December 1947, there have
been about 60 significant reservoir operations,with the five most notable
operations as follows:

Storage Utilized

Date of Flood _in Percent
December 1948 100
March’ 1953 68
August 1955 + 58
October 1955 ‘ 96
April 1960 60

7. UNIT HYDROGRAPHS

Unit hydrographs were developed through ana?yéis of computed infiows
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to Knightville for four significant record floods. Data pertinent to

the derivation of the unit hydrographs are shown on plate 5. Precipi-
tation records were taken from several statijons within the basin, namely,
Knightville, Chesterfield, Worthington, Cummington, West Cummington and
Plainfield. Location of these stations are shown on plate 1,

Individual analysis of the two recent floods of March 1951 and
August 1955 are shown on plates 6 through 9. Using computer program
23-J2-1L-211, developed by the Hydrologic Engineering Center, Davis,
California, entitled: "Unit Hydrograph and Loss Rate Optimization,” a
composite 3-hour unit hydrog*aph was developed from four floods - Sep-
tember 1938, November 1950, March 1951 and August 1955. The 3-hour unit
hydrograph for each storm and the composite one are shown on plate 5.

Te reflect the higher runoff rates to be expected from a major
flood, as recommended in EM 1110-2-1405, "Flood Hydrograph Analysis
and Computations," the composite unit hydrograph peak was increased by
25 percent to a peak of 11,000 cfs {68 csm). A comparison of this
peaked'3~hour unit hydrograph and the 6-hour unit hydrograph used in
the original design (1940 study} for Knightville Dam is shown on plate
10. In the original design (1940 study), the developed 6~hour unit hy-
drograph peak of 6,900 cfs was increased 70 percent, resulting in a
peak of 11,700 cfs. Unit hydrographs and spillway design flood peaks
for ot?er comparable sized reservoir projects in New England are listed
in table 1.

8.  PROBABLE MAXIMUM PRECIPITATION

Values of rainfall for the probable maximum storm were obtained
from Hydrometeorological Report 33, "Seasonal Variations of Probable
Maximum Precipitation, East of the 105th Meidian," prepared by the
Hydrometeorological Section of the U.S. Weather Bureau, and adjusted
for the Knightviile Dam drainage area of 162 square miles, as described
in EC 1110-2-27.

From figure 1, Report 33, an index rainfall of 20.4 inches was
selected as the 200-square mile, 24-hour probabie maximum precipitation
(PMP) and the resulting PMP fgr 162 square miles was 21.2 inches. However,
to correct for the improbability of the storm centering itself over the
162-square mile drainage area the PMP rainfall was reduced 12 percent.

The rainfall associated with each time period of 6, 12 and 24 hours for
a drainage area of 162 square miles is shown in the following tabulation:
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Project

Townshend Dam
{West River)

 Colebrook Dam

(West Branch |
Farmington River)

No¥th Springfield Dam
(Black River)

North Hartland Dam
(Ottauquechee River)

Littleville Dam
(Middle Branch Westfield River)

Knightville Dam

(Westfield River)

TABLE 1

HYDROGRAPH PEAKS .

Drainage
Area

159, mi.)

106

118

158

220

52.3

162
- (+25%)
- {+50%)

3-Hour Unit

Hydrograph Peak

Spillway Design Flood

Peak Inflow

s
10,900

11,000

11,000

17,160

8,000

. 8,800

11,G00 -

13,200

CSM CFS
103 190,000
93 165,000
70 157,000
78 199,000
115 98,000
54 -

68 145,000
82

165,000

TS

1,790

1,400

995
900
1,870

895
1,020




Percent Probable 12 Percent Spillway

of Index Maximum Reduction Design

Duration Rainfall Precipitation Factor Storm
{hours) (inches) {inches)  (inches)

6 78 15.90 1.90 14.00

12 92 18.80 2.30 16.50

24 104 21.20 2.54 18.66

Three-hour amounts of precipitation, Tosses and rainfall excess
arranged into a critical storm pattern, are shown in table 2. The most
intense 6-hour rainfall total was subdivided into two 3-hour amounts,
placing 67 percent of the 6-four total in one 3-hour period and 33 per-
cent in the other. Rainfali during the remaining 6-hour periods was
assumed to be uniform. Losses from infiltration, surface detention and
transpiration were assumed at a rate of 0315 inch per 3-hour period,
the minimum loss rate expected during such a storm with very high ante-
cedent moisture conditions. The resuiting total 24-hour excess rainfall
was 17.5 inches compared with a tota] of 15.6 inches in the original de-
sign. '

TABLE 2
PROBABLE MAXIMUM PRECIPITATION

. 19490
Maximum ‘ Rainfall Design Rainfall Rainfall
Time Precipitation Losses Excess Excess Pattern
{hours) (inches) (inches) {dnches) (inches)
0 0 0 0 0
3 8.40 0.15 9.25 0.49
6 4.60 0.15 4.45 9.0 1.10
9 1.26 0.75 1.11 4,45
12 1.25 0.15 1.10 3.8 - 9.25
15 .65 0.15 0.50 1.11
18 .64 0.15 0.49 1.9 0.50
21 .43 0.15 0.28 0.28
24 .43 0.15 0.28 0.9 0.28
Total 18.66 1.20 17.46 15.6 17.46

9.  SPILLWAY DESIGN FLOOD

The spillway design flood inflows to Knightville Dam were derived
by applying the rainfall excess values of table 2 to the previously
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discussed spillway design unit hydrographs. The resulting inflow hy-
drographs were then routed through the reservoir to determine maximum
surcharges. It was determined that with a spiliway Tengthof 400 feet,
with storage initially filied to spillway crest, and outlet gates in-
operative, the resulting maximum surcharge elevation was 629 feet msl.
Whereas, increasing the unit hydrograph peak 50 percent instead of 25
Eercent the resulting maximum surcharge was 630.3 feet msl or 1.3 feet
igher. -

This comparative analysis demonstrated that the increase in sur-
charge was well within the adopted freeboard of 5 feet and that the
project surcharge was- not overly sensitive to the magnitude of the unit
graph peak. The unit hydrograph which was increased 25 percent was
therefore considered sufficiently conservative and was adopted for all
further studies. The spillway design flood is presented on plate 11,

-

‘0. SURCHARGE-LENGTH CURVES

Spiliway surcharge-length curves shown on plate 12 were developed
through successive routings of the spillway design inflow hydrograph
through the reservoir with a range of spillway TJengths. For these
routings it was assumed that the outlet gates would remain closed un-
til the surcharge reached 10 fee%. The gates would then be opened 50
percent and completely opened when the surcharge reached 12 feet, giving
priority consideration to the safety of the dam., Assuming the project
unattended or the gates inoperable, as recommended in EC 1110-2-27, was
considered an unreasonably severe criteria in view of the fact that the
reservoir is assumed initially 50 percent full. If it were assumed the
outTets remained closed throughout the flood, the resulting maximum
surcharge would be increased about 1.3 feet.

Further comparative routings were made asuming various amounts of
storage initially utilized in the reservoir as a result of previous
storms. With an empty reservoir and outlet operable, surcharge attained
with existing spillway height and length was 625.4 feet msl. With a
reservoir one-half full the maximum water surface was 627.3 and full,
the maximum water surface elevation was 627.7 feet msl.

Following procedures outlined in EC 1110-2-27, comparisons were
made of the reguired height of dam resuiting from: (a) starting with
the reservoir 50 percent filled (reference level "c¢") and adding 5
feet of freeboard, or (b} starting with a full pool (reference Tevel
"b") and adding 3 feet of freeboard. In all cases tr maximum height,
and therefore the governing criteria, resulted when starting with ref-
erence jevel "c" and adding 5 feet of freeboard to the surcharge.
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11. FREEBOARD ANALYSIS

The effective fetch distance for Knightville Dam was developed
following procedures set forth in ETL 1110-2-8, dated August 1966.
Wave height, runup and wind setup as determined from EC 1110-2-27, were

as‘f011ows:

Wave height 1.4 feet
Runup 1.8 feet
Wind setup 0.2 foot

Winds producing maximum waves and setup on the slopes of Knight-
ville Dam would have to be from the northerly direction due to the
orientation and shape of the reservoir., Information on maximum wind
velocities and direction at Hartford, Conneticut (which is the near-
est long term station) for 15 years of record & shown in table 3.

A maximum effective fetch distance of 0.50 mile together with
wind velocity of 40 miles per hour were used in computing wave heights.
The resulting wave height was less than 5 feet so the minimum freeboard
of 5 feet with freeboard reference level "c" was adopted as the present
day criteria for determining height of dam.

TABLE 3

MAXIMUM WINDS AT
HARTFORD, CONNECTICUT

Eievation 169 Feet msi
15 Years of Record

Date Fastest Mile Direction
(mph)

February 1967 53 SW
November 1955 51 W

March 1956 50 NE
January 1964 50 NW
December 1955 49 NW
April 1956 47 NE
June 1957 45 W

August 1955 44 NW
September 1960 43 NE
May 1957 4 NW
October 1955 40 W

July 1966 35 NW
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12. SPILLWAY ADEQUACY
Comparative data between the original (1940) spillway design
flood analysis and present day criteria is listed in the following
table: _
TABLE 4

COMPARATIVE SPILLWAY FLOOD DATA

Original Design

Criteria (1940) Current Criteria
Initial Pool Condition _ Full - Full one-half fulil
Initial Pool Elev. (ft, msi) 610 610 580
Spillway Length (ft) 400 - 400 400
Qutlet Gates Closed Operable Operable
Excess Runoff (inches) - 15.6 17.5 17.5
Peak Inflow {cfs} 113,200 145,000 145,000
Peak OQutfiow (cfs) 91,000 . 131,000 127,000
Spililway Coefficient 3.9 3.84 3,83
Surcharge (feet) 15 17.7 17.3
Freeboard (ft) 5 3 5
Required Top of Dam {elev) 630 630.7 632.3

The results of this study demonstrated that the present spillway
at Knightville Dam does not meet capacity requirements of current de-
sign criteria. The spillway design flood developed in this study would
not overtop the dam but would encroach 2,3 feet on the original 5 feet
of freeboard resulting in a remaining freeboard of only 2.7 feet. Al-
though the discharge capacity of the spillway is inadequate on the basis
of present hydrologic criteria, no critical or emergency cmdition exists.
However, it is concluded that when a major modification or rehabilita-
tion is planned for the project consideration be given to increased
spillway capacity.

Freeboard requirements can be met by e&ther increasing the length
of the spiliway or raising the height of dam, or a combination of
both. The relationship between spillway length and required height of
dam is illustrated on plate 12.

13. FLOOD CONTROL STORAGE

It has been eétab]ished that flood control storage equivalent to
6 to 8 inches of runoff from the contributing watershed is needed in the -
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Berkshire Mountain regions of Massachusetts to provide a high degree of
control during hurricane or large volume snowmelt floods. Storage re- -
quirements for flood control in the Connecticut River basin were dis-

- cussed in Appendix C of Comprehensive Water and Related Land Resources
Investigation Connecticut River Basin," June 1970,

The average storage capacity of all 16 Corps reservoirs in the
Connecticut River basin is 7.0 -inches. Knightville reservoir with
49,000 acre-feet of flood control storage, equivalent to 5.7 inches of
runoff, is about 20 percent below the average. During its 35 years of
operation Knightville storage was fillal to 100 percent and 96 percent
of capacity in 1948 and 1955, respectively.

Factors affecting the storage required for flood control at dif-
ferent locations are: the length of time reservoir releases may have
to be shut off during major floods {related to reservoir location and
degree of watershed control), travel times and runoff characteristics
of the region and safe channel capacities downstream of the project.

The reTative flood control effectiveness of varying amounts of
flood control storage at Knightville were estimated for economic pur-
poses, Percent Effective versus Frequency curves were derived by
analysis of high flow duration frequency data for the West Branch of
the Westfield River. These curves are shown on plate 13. The rela-
tive effectiveness was based on the amount of storage required to
completely store the 3-day duration high flow for various frequencies.
The 3-day duration value was selected based on hydrologic studies of
past floods and 35 years of operational experience.

From a hydrologic point of view it was concluded that the 5.7 in-
ches of storage at Knightville was not seriously deficient and it, in
itself, did not warrant major action. However, it is recommended that
in planning any major modification to the project that consideration be
given to increased flood control storage. Additional storage wiil pro-
vide greater operational flexibility during prolonged snowmelt floods
or during a series of unusual storm events. Stored floodwaters could
be held for Tonger periods with less chance of exhausting storage capa-
city, thereby providing optimum regulation for maximum possible effec-
tiveness. '
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
New England Area Office
P. 0. Box 1518
55 Pleasant Street
Concord, NH 03301
August 26, 1976
Division Enginecer
New England Division
Corps of Engineers
424 Trapelo Road
Waltham, MA 02154
Bear Sir:
Enclosed is the U.S, Fish and Wildlife Service's special report on modi-
fications for the Knightville Dam and Reservoir, Westfield River Water-
shed, Huntington, Massachusetts.  This report supergedes the Service's
report on this project transmitted to you on 14 July 1976.
Sincerely yours,
\/ 6«,? ééwu.-g/
John E. Harney
Acting Field Supervisor, NEAO
MAK /bmk : JEH
cc: RO, AEV .
Arthuy Nedill, MA DIF&W
Win Seville, MA DIF&W
\\OLUT!ON
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—
z
N
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KNIGHTVILLE DAM AND RESERVOIR,
WESTFIELD RIVER WATERSHED, HUNTINGTON, MASSACHUSETITS

Special report of the U.S. Fish and Wildlife Sexvice on a plan
being developed for iuncreasing the flood storage capacity of the
Knightville Reservoir by the New England Division, U.S. Army
Corps of Engineérs.

August 26, 1976

This study is being carried under the authority of a Resolution of the
Committee on Public Works of the United States Senate, adopted 11 May
1962.

This special report of the Fish and Wildlife Service is submitted in
fulfiliment of provisions of the Fish and Wildlife Coordination Act (48
Stat. 401, as amended; 16 U.S5.C. 661 et seq.), and has been coordinated
with the Massachusetts Department of Inland Fisheries and Wildlife. The
Service included analysis of the fish and wildlife impact of a recrea-
tion pool at the Knightville project in a report prepared for the Compre~
hensive Water and Related Land Resources Investigation, Connecticut River
Bagin, and published in 19?0 (Appendix G).

Construction of the Knightv1lle Dam was completed in 1941. It is an
earth-fill type with a dumped rock'covering. It rises 160 feet above the
streambed. When filled to capacity, the reservoir has a flood storage
capacity of approximately 49,000 acre feet, and inundates 960 acres.

This full flood pool extends abput 5 miles upstream from the dam. Undex
normal £low ronditions, its three gates are kept open and the reservoir
empty.

Project modification would consist of increasing the flood storage capa-
city by raising the height of the dam by 11 feet and the spillway crest
8.5 feet. The intake tower and appurtenant structures would also be mod-
ified to accomodate these changes.,

The additional height will be gained by increasing the slope of the dam
and spillway from approximately 1 foot in 3 feet to about 1l foot in 2%
feet. This increase will be tapered out about 30 feet above the base.
With the proposed modifications, the flood pool would be increased to
1,025 acres. When filled to capacity, it weould inundate approximately
0.3 miles of the East Branch of the Westfield River, more than the pre-
sent maximum flood pool. An additional 45 acres will be acquired to
accomodate the increased flood storage capacity of the reservoir,

No change is expected in the operation during a flood. The drawdown
schedule will remain approximately the same, the exception being a rare
flood of catastrophic magnitude. This project will remain single pur-
pose, i.e., no recreation pool will be comnstructed. Any spoil material
generated during construction will be deposited in Government-approved
sites.

Appendix 2
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The Knightville project area supports both stream fishery and wildlife
resources. The portion of the East Branch of the Westfield River within
the flood pool is seasonally stocked with trout to augment the existing
coldwater fishery.

The open area within the flood pool is stocked with pheasants in the fall
and provides one of the few hunting opportunities of this type in the
watershed., In addition, this area provides small game and deer hunting
opportunities.

The Service's analysis of the stream and pond fishery resources of the
Connecticut River Basin during the Comprehensive Water and Related Land
Resources Investigation initiated in 1962, demonstrated that by 1980 a
demand exceeding the supply of coldwater stream fishery resources would
have manifested itself in the lower basin. By 2020, this demand would
have increassed a hundredfold. If the latent demand were examined, the
need for additional coldwater stream fishing opportunities would be
considerably greater. Preservation and improvement of the existing
stream resources in this portion of the Basin is, therefore, imperative.

During construction, the noise and increased traffic in this area will
cause some disturbance to the fish and wildife inhabitants of the project
area. It will also deter stream fishing near the dam. This adverse im-
pact is, however, expected to be minimal and of relatively short duration.
Disposal of spoil material generated during construction of the proposed
project could cause adverse impacts if used as fill for wetland areas.
This impact can be avoided by placing the spoil in suitable upland sites.

Since the modified project's operation schedule will remain the same,
long range habitat and fish and wildife resource impacts will be only
minimally greater than those already observed within the sphere of pro-
posed project influence. They are not expected tc be significant.

Tk addition of flood storage at the Knightville project could indirectly
impact the fish and wildiife resources in the lower, more populated
reaches of the Westfield River Basin. The psychological impact of in-
creased flood level reduction in these reaches, could result in increased
construction in the downstream floodplain, the loss of the wildlife habi-
tat, and loss of access for anglers. This impact, as well as possible
fiood damage, can, however, be reduced by instituting floodplain zoning
in these reaches.

-

Modification of this project could also encourage consideration of addi-
tional structural flood reduction in the Westfield and West Springfield
areas., The impacts of such a project(s) will be evaluated separately.

The U.S8. Fish and Wildlife Serxvice has no objection to the modification
of the Knightville Dam and Reservoir as presented in the 14 May 1976
Announcement of a public meeting on the proposed project.
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We recommend that: Any spoil material be disposed in xeric upland sites;
this would include land fill areas.

Shduld additional changes be made, particularly if the construction of
a recreation or water supply pool is contemplated, we would appreciate

early notification. )
/.._)f"/‘“— G 441»*&.
" John E. Harney ;;

Acting Field Supervisof, NEAO

MAK /brek : JEH
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EVAN S. DOBELLE
COMMISSIONER

November 22, 1976

Joseph L. Ignazio

Chief, Planning Division

U.S. Army Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. Ignazio:

I have consulted with the Division of Water Resources
concerning the modification of Knightville Reservoir discussed
in your letters of November 16, 1976, While this department
agrees to the need of additional water~based recreational
opportunities in the Westfield drainage, we agree that the
inclusion of permanent water storage is not feasible at
Knightville for both engineering and environmental reasons.

We are aware that the City of Westfield is one of the
most seriously flood prone communities in the Commonwealth.
The provision of additional flood storage is desirable, but
not a complete solution. A combination of land use controls,
flood proofing, local protection works and possibly relocation
is needed in Westfield. Encouragement by both state and
federal agencies'will be regquired to implement this needed
blend of flood management measures.

We wish to support some of the local concerns expressed
at the hearing chaired by Cclonel Boivin on June 15, 1976,
in Huntington, In final project design, great care should
be afforded to provisions which would minimize siltation,
noise and other nuisance conditions created on and off the
project site, Specific concerns regarding the routes, hours
of use. and sources to be used in bringing fill material to
the site should be addressed.

S | Appendix 2
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Assuming that the benefit-cost relationships continue to
be favorable, we support the completion of the feasibility
study leading to the provision ¢f additional flood storage at
the Knightville Reservoir in Huntington, Massachusetts. This
letter shall constitute a reply from the Division of Environ-
mental Management and its member agency, the Division 0f Water

Resources. -
fcerelyrgrs, E {

Evan S. Dobelle
Commissioner

ESD/ehc/gm
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5 DEPARTMENT OF HOUSING. AND URBAN DEVELOPMENT
19,, I" II JOHN F. KENNEDY FEDERAL BUILDING

°uan-ﬂ BOSTON, MASSACHUSETTS 02203

&
o'u 5“\9‘\

N
November 23, 1976
REGION |
IN REPLY REFER TO:

Mr, Joseph L. Ignazio
Chief, Planning Division
New England Division
Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154
Dear Mr. Ignazio:
Subject: Knightville Dam and Reservoir
Maurice E. Frye, who is currently serving as the Regional Administrator
for the Department of Housing and Urban Development, asked me o
respond to your letter of November 16, 1976, which was addressed to
Mr. James J. Barry, Mr. Frye's predecessor.
We appreciate the opportunity you have provided this office to comment
on the proposed modification to the Knightville Dam.
Because of the nature of our responsibilities with respect to
administering housing, community development and planning programs,

\ we have no comments to offer in regard to the actions your agency
proposes to take.
However, if you have not- done so already, we suggest that you contact
the Lower Pioneer Valley Regional Planning Commission in West
Springfield, Massachusetts to solicit their comments. This agency
is responsible for coordinating planning activities for the area
included within Hampshire and Hampden Counties utilizing comprehensive
planning assistance funds provided by HUD along with other local,
state and federal financial resources.
Sincerely,
/L -—/{‘C AQ

Y AN o
ank V. Del Vecchio
Assistant Regional Administrator
for Community Plamning and Development
N Appendix 2
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NEW ENGLAND REGIONAL COMMISSION
53 STATE STREET )
BOSTON, MASSACHUSETTS 02109

Novémber 29, 1976

Mr. Joseph.L. Ignazio, Chief

Planning Division

New England Division, Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. Ignazio:

Thank you for your letter of November 16, 1976, requesting
our comments regarding the feasibility study on modification of
the existing Knightville Dam and Reservoir Project. We have reviewed
your letter and attached material and have no substantive comment
to make. : ‘

We wish you lTuck towards the successful completion of
your Project.

ncerely yours,

kuSS 11 F. Merrimen
Federal Cochairman

Appendix 2
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UNITED STATES DEPARTMENT OF _Asm‘cuLTunE
o FOREST SERVICE
NORTHEASTERN AREA, STATE AND PRIVATE FORESTRY
6816 MARKET STREET, UPPER DaRBY, Pa, 19082
{215) 596-1671
A ‘ 8400
December 1, 1976

Mr, Joseph L., Ignazio

Chief, Planning Division
Department of the Army

New England Division

Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Refer to: NEDPL-P, Feasibility
Study, Knightville Dam and
Reservoir Project, MA

Dear Mr. Ignazio:

Without vegetation maps or descriptions of forest land
above the proposed dam modification, it is difficult to
estimate the effect of this project on forested land.

If an environmental assessment or statement is prepared,
we think it should include an estimate of losses of
wildlife habitat and of other vegetation.

Thank you for the opportunity to review this Study.

Sincerely, ' ‘

f .,': /' B ’/.
,4Z;{2£227 AZﬁiéégﬁ
DALE O. VANDENBURG
Staff Director

Environmental Quality Evaluation

Appeéldix 2



United States Department of the Interior

BUREAU OF QUTDOOR RECREATION
NORTHEAST REGIONAL OFFICE
Federal Building - Room 9310

1N REPLY REFER TO! 600 ARCH STREET -
4120 Philadelphia, Pennsylvania 19106

December 1, 1976

Mr. J. L. Ignazio

Chief, Planning Division

New England Division, Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts (02154

Dear Mr. Ignazio:
This is in response to your letter of November 16, 1976 concerning
modification of the Knightville Dam and Reservoir. We have no

comments on the proposal.
Sincerely yours,

MICHAEL H. GORDON, Chief
Division of Water and.
Environmental Planning

”
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TOWN OF HUNTINGTON

HUNTINGTON, MASSACHUSETTS
' ' BOARD OF SELECTMEN

Hans Schott, Chairman
William C. Gaitenby
Robert A. Smith

December 2, 1976

Mr. Josepn L. Ignazio
Chief, Planning.Division
Hgl, Corps of Eng.
42 Trapelo Road
Waltham, WA 02154
Re: NBLPL-P
Dear Mr. ignazio,
The Board of Selectman of huntington wish to be recorded as in favor

of the proposeq changes at Knightville Dam to further reduce flood losses
in the lower Westfield River Valley.

Very truly yours,

For the Board OCESelectmen;

St Coten

William C. Galtenby, [
Jrng Member

WG o

Appendix 2
11



UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
29 Cottage Street, Amherst, Massachusetts 01002

December 2, 1976

Mr. Joseph L. Ignazio

Chief, Planning Division

Department of the Army

New England Division, Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Attention of: NEDPL-P

Dear Mr. Igﬁagio:

We have reviewed the material you sent us on the proposed modifications
to Knightville Dam and Reserveoir, and we have no comments to offer at
this time.

Thank you for providing us the opportunity to review this proposal.

Sincerely,
P E /o ""____‘_.. .
PR F g -y v -
A VR B S N S

g 4

Dr. Benjéfinin Isgur -
State Conservationist
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DEPARTHENT OF HEALTH, EDUCATION, AND WELFARE
JOHN F. KENN§5$EEIEDERAL BUILDING
GOVERNMENT CENTER

BOSTON, MASSACHUSETTS 02203 OFF1CE OF
THE REGIONAL DIRECTOR

Mr.Joseph L. Ignazio, Chief, Planning Division
Department of the Army

New England Division, Corps of Engineers

4oL Trapelo -Road

Waltham, Mass. 0215k

Dear Mr. Ignazio:

Re: Your Reference NEDPL-P .

~ Reference is made to your letter of November 16, 1976, as indicated
above.

3
Based on a review of the correspondence and a telephone call to

your project engineer, Mr., Civiello, it is our understanding that:

3. There are no buildings in the new full flood reservoir;
b. All roads within the area have been abandoned;

c. Fheasant hunting is permitted in the reservoir area;

d. Corps of Engineers Personnel use abandoned roads to make

investigations and surveys;

e. There are no Historical Sites in the area;

f. Generation of electric power was considered and found not
feasible;

£. Camping is permitted at Indian Hollow camping area in the

upper reach of the reservoir.

h. Failure to accomplish this project could have an unfavorable
effect on the general welfare of communities located down-
stream of the Knightville Dam by allowing the present poten-
tial flood condition to continue; and

Appendix 2
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i. Some unfavorable environmental impact appears to be
inevitable during the construction phase. However,
effective landscaping and restoration work should re-
strict this to a temporary period only. The overall
effect should be favorable.

Frem this brief analysis, it appears that the interests of this
Department are being considered in your feasibility study of the
subject project. We, therefore, concur with the intent of your
study and have no adverse comments.

Sincerely yours,

Mary B. Newman
Regional Director

Appendix 2
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: ‘@t}wﬁﬂ.ﬂ% % ﬁ—WwA and Wa%
Loverett Sallonstull Building, Government Conton
100 Cambridge Shreet, Boston 02202

DIRECTOR

December 8, 1976

Mr, Joseph L, Ignazio,Chief
Planning Division
Corps of Engineers,
424 Trapelo Road
Waltham, Mass, 02154
, Re: DEDPL~P
Dear Mr, Ignazio:

a Your leiter of 16 November 1976 and the accompanying
maps relating to the modification of the existing Knightville
Dam and reservoirs have,been received and reviewed by this
Divigion.

No official objection is raised to the physical aspects
of the project as presented but I do have great personal reserv—-
ation conceming the cost effectiveness of this modification as
compared with the needs projected in the late thirties when the
project was originally constructed, ‘

Very-truly yours

Matthew B, Connolly, Jr.
Director

MBC/cms
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POLLUTION CONTROL .
Water Quality and Reséarch Section Decembe; 8, 1976.

P, G. Box 545
Westborough, Massachusetts 01581

Mr. Joseph Ignazio, Chief
Planning Division

New England Division,

Corps of Engineers

424 Trapelo Road

Walthain, Massachusetts 02154

‘Dear Mr. Ignazio:

_ Thank you for affording this Office the oppoftunity
to review the proposed modifications to the Knightville Dan.

This Office is not opposed to this project as long as
water is stored only during periods of high flow. Several reaches
of the Westfield River develop seriocus dissolved oxygen deflcienciles
during low flow periods. If water were retained during these
periods, the problem would be aggravated,

Therefore, this Office has no objections to this pro-
posed plan as long as it does not adversely affect the existing
low flow conditions in the Westfield River, .

Sincerely,

- 7
({Lam @fﬂamw
£

Alan Cooperman R
Associate Sanitary Engineer

AC/rg
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United States Department of the Interior

OFFICE OF THE SECRETARY

NORTHEAST REGION
JOHN F. KENNEDY FEDERAL BUILDING
ROOM 2003 M & N
BOSTON, MASSACHUSETTS 02203

December 17, 1976

Mr. Joseph L. Ignazio
Chief, Planning Division
Corps of Engineers

New England Division

424 Trapelo Road
Waltham, MA 02154

Dear Mr. Ignazio:

Thank you, by your letter of November 10, for the opportunity to review
the proposal to modify the existing Knightville Dam and Reservoir
project.

Our only comment is to recommend that prior to completion of the _
feasibility study a qualified archeologist such as Dr. Dena Dincauze
(Department of Anthropology, University of Massachusetts, Amherst,
Massachusetts 02703) be contacted for initial outlooks on the probability
of archeological values to be affected by the project. Also, prior to
final commitment to the selection of a specific modification alternative,
the Corps should check with the State Historic Preservation Officer to
assure itself of no conflict with historic sites being nominated to the
National Register of Historic Places.

Additionally, I understand that the Northeastern Region Office of the
Bureau of Outdoor Recreation supplied their comments on this project
directly to you.

. ' Sincerely yours, é;

€/ Roger Sumner Babb
Special Assistant to
the Secretary

Appendix 2
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LAYV LIN FiIN/INLLOIR Vf-'\l.l..l: L)

REGIONAL PLANNING COMMISSION

26 Cenlral S1., Weet springlicl], Masacha,etts 01089, Tel, 413.739-5%83

<A LN H _
Plar g Mractes - : Decembeyr 21, 1976

Mr, Joseph Ignazio, Chief
Planning bivision

U.S. Army Corps of Engineers
424 Trapelo Road

Waltham, MA 02154

Re: Knightville Dam and Reservoir Project
Attention: NEDPL-P
Dear Mr. Ignazio:

We are in receipt of your letter of December 1, 1976 requesting our comments
on possible modifications to the exisdting Knightville Dam. It is our under-
standing that this proposal is the product of a feasibility study, which has
yet to be completed, but which does now indicate that the provision of addi-
ticnal flood control storage at the Knightville Dam is both feasible and
warranted. This extra storage capacity would be achieved by raising the
Knightville Dam and spillway; this would further reduce flood losses in the
lower Westfield River Valley.

It is somewhat difficylt to assess in a comprehensive manner this proposal,
its benefits, and its impact, without reviewing the feasibility study itself
and supporting data. Assuming that the project is the most feasible and ap-
propriate alternative, it would appear that the project does indeed afford
additional downstream flood protection with minimal environmental impact.

The latter can be achieved through the use of environmentally sensitive con-
struction technigues and satisfactory resolution of a potential encroachment
of the full flood control pool on non-federal flood control land in Chester-
field. (The land in question appears to be state forest land from our inter-
pretation of Plate 2 relative to ocur own land use data base.)

While we appreciate receiving advance notice of this project, we feel that
valid and constructive comments cannot be made on it until we receive the

study itself. This would afford our staff, Environmental Advisory Committee,
and Commissioners the opportunity to review it in detail. We are particularly
interested in the analysis of all dlternatives initially considered and the
project's relationship to the 1980 Connecticut River Basin Plan. We would also
like to see how the configuration of the proposed full flood control pool com=-
pares to the one that would result from the existing dam.

Appendix 2
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Mr. Joseph Ignazio, Chief
December 21, 1976
Page Z

Timely receipt of the aforementioned material would assist us greatly in
completing our review. Should there be any problems in supplying us with
this information, I would appreciate your notifying me. Thank you. for
your antidipated assistance.

Vexry fruly 'ours,

~ Ll

K. M. Munnich
" Planning Director

KMM/BAK: fe

cc: Kenneth H. Barrows, LPVRPC, Huntington
John A, Bisbee, ILPVRPC, Chesterfield
Hans Schott, Ch., Board of Selectmen, Huntington
Charles Bisbee, Jr., Ch., Board of Selectmen, Chesterfield .
Elinor Hartshorn, Ch., Environmental Advisory Committee

Appendix 2
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The: Commorwealth of . Masiachasetts

EXECUTIVE OFFICE OF ENVIROMMENTAL AFFAIRS ~
DEPARTMENT OF ENVIRONMENTAL QUALITY ENGR. ‘
DIVISION OF WATERWAYS

700 N st Stveet, Soston o

Decemnber 28, 1976

Josepn L. Ignazio, Cnief

Arly Corps of hngineers, Planning bivision
424 Trapelo Road

waltnam, mass. 02154

Re: WkLDPL=-P
vam #1l-8-143-3
knightville Dam
muntington

Dear ir. Ignazio:

Your wovember lo, 1976 letter to LD.,P.W. Commissioner Carroll
nas been referrea to me for reply. In tne future,please direct
correspondence concerning Masssachusetts dams to Commissioner David
Standdey, bepartment of Environmental Quality bEngineering, 100
Cambridye Street, Boston, Mass. Chapter 700 of the Acts of 1975
amwmended Chapter 253, Sections 44 et. seg. (Dams Safety Act) and
placea jurisdiction with Commissioner Standley.

I concur with the Corps proposal to provide additional flood
control storage Ly raising the elevation of the Knightville Dam,
If I may pe of assistance in the implementation of the project, please
contact me. :

ry r;; iours, :
CHiN J

. HANNON, P.H.
_ CHIEBF ENGINEER
Eiirsen
cc: Joan J. Carxoll
peain amidon
robert Jordan
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NEW ENGLAND RIVER BASINS COMMISSION

55 COUIT TR o BONTON, MASSACHUSETTS 02108
NEREC ‘ PHONI (61T 228624 5

January 19, 1977

Mr. Joseph L. Ignazio

Chief, Planning Division
Department of the Army

Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. Ignazid:

This will reply to your letter of November 16 requesting com-
ments on the Corps' feasibility study concerning modification of the
existing Knightville Dam and F.eservoir project on the Westfield River
in the Connecticut River Basin., Your letter notes that the Corps con-
sidered modifying the project to provide storage for a recreational
pool, low flow augmentation, and additional flood control, but that
only additional flood control storage to further reduce flood losses in
the lower Westfield River valley is warranted,

In its findings and recommendations on the 1970 Connecticut
River Comprehensive Investigation (the NERBC 1980 Connecticut River
Basin Plan}, NERBC endorsed the Coordinating Committee's recom-
mendation for modification of the dry bed Knightville project to include
a permanent pool for recreation and low flow augmentation for fishery
enhancement, with two qualifidations: 1) subject to satisfactory com- .
pletion of environmental impact evaluations pursuant to the National
Environmental Policy Act, as defined in the introduction to NERBC's
findings and recommendations on the 1980 Early Action Plan; 2) sub-
ject to NERBC's investigation of the replacement of wildlife habitat
that would be lost by creation of a recreational pool (pages 73, 74, 95, 96).

These environmental qualifications haven't come into play be-
cause of the Corps' conclusion that a permanent pool isn't economically
justified and therefore this recommendation should be dropped. The
Coordinating Committee and NERBC 1980 Plan didn't consider project
modifications for additional flood control, Therefore, I should simply
point out that the Corps' feasibility study in effect updates the 1980
Plan by deleting the permanent pool recommendation and substituting
a recommendation that the dry bed flood storage capacity at Knightville
be enlarged.

| Appendix 2
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Thé desirability of increased reservoir storage above the City
of Westfield wasn't considered in NERBC's Level B Connecticut River
Supplemental Flood Management Study. However, the final report
approved by NERBC December 15 makes frequent reference to West-
field's very serious flood damage potential and to structural and non-
structural measures urgently needed to alleviate the problem (pages
161, 162, 180, 206-212). The final report specifically endorses the
City's decision to proceed with detailed feasibility studies of a local
protection project proposed by the Corps (pages 161, 162), although
final approval would necessarily hinge on the outcome of detailed
studies. '

. Unless Massachusetts or other NERBC federal members take
a different view, I would therefore think it could be inferred that
NERBC also encourages further consideration of the Knightville Reser-
voir modification as outlined in your letter, However, this wasn't
brought before the NERBC Connecticut River Coordinating Group:prior
to final Commission action on The River's Reach, and therefore it's
not feasible at this time to incorporate a positive statement to this
effect in the final report,

Very truly yours,

- 2 "5-:.&”«-*
R. ’{:ank Grfegg //

" Chairman
REG:ht

cc: David Harrison
Evelyn F. Murphy, Mass, OEA
Charles Kennedy, Mass, WRC
Robert Ryder, Dept. of the Interior
Walter Newman, EPA
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MAYDR'S OFFICE

59 COURT STREET, WESTFIELD, MASSACHUSETTS 01085 413 568-0316 413 568-5543

‘May 2, 1977

JOHN J. RHODES
MAYOR

John P. Chandler, Colonel,
Corps of Engineers
Division Engineer

U. 8, Corp of .Engineers
New England Division

224 Trapelo Road

Waltham, Mass. 02154

Dear Colonel Chandler:

I wish to inform you and therUnited States that the City of Westfield,
Massachusetts offers its enthusiasm and willingness to contribute the
financial assistance necessary for the completion of the proposed

flood protection dike system intended to insure the safety of the lives
and properties of its citizens. The City additionally agrees to the
following assurances of local ceo-operation and participation prior to
actual construction and will:

1. Provide without cost to the United States all lands, easements,
and rights-of-way necessary for the construction and maintenance -
of the project.

2. Hold and save the United States free from damages due to
construction works except damages due to the fault or negligence
of the United States or its contractors.

3. Maintain aﬁd oberate all works after completion in accordance
with regulations prescribed by the Secretary of the Army.

4. Provide without cost to the United States all alterations
and replacements of existing utilities,

5. Prescribe and enforce regulations to prevent encroachment
on both the improved and unimproved channels, and manage all
project related functions.

6. Comply with the provisions under Sections 210 and 305 of
Public Law 91-646, 91lst Congress, approved January 2, 1971,
entitled "Uniform Relocation Assistance and Real Property
Acquisition Policies Act of 1970"

After considering the alternative non structural proposals regarding
flood protection, the past, present and likely future patterns of

development within the flood prone areas, and the historic incidences
of flooding within the City, I have determined that the proposed dike
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john P. Chandler, Colonel Page 2 May 2, 1977
system remains the only practical solution for the future safety and
welfare of Westfield's citizens,

I remain confident that the Congressional authorities will act favorably
regarding the Federal participation essential for this proposal and

congequentially to great benefit for the people of Westfield.

gYy truly yours,

OF WEST D, CHUSETTS

-

n J. Rhodg&s, /Mayor
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PART I

GENERAL

I - Section 1 - Project Criteria.

List of recent and updated stability criteria and
instructions provided by the Corps of Engineers, New
England Division:

Englneerlng Manuals:

EM 1110-2-2101 - Working Stresses for Structural
Design (17 Jan. 1972).
EM 1110-2-2200 - Gravity Dam Design (25 Sept. 1958}.
EM 1110-2-2400 - Structural Design of Spillways
~and Qutlet Works (2 Nov. 1964).
EM 1110-2-2501 - Wall Design: Flood Walls
(18 June 1862}.
EM 1110-2-2502 - Retaining Walls (25 Jan. 1965).

Engineer Technical Letters:

ETL 1110-2-184 - Gravity Dam Design (25 Feb. 1974).
ETL 1110-2-109 - Structural Design for Earthgquakes
(21 Oct. 1970).

Pertinent Hydrauli; Data:

Hydrologic Data for Structural Stablllty -
Analysis of Spillways

List of design computations and drawings:

(1) Analysis of Design - 1939. '

{2) Analysis of Design - 1939: Appendix A.

(3) Plans for Construction of Dams & Appurtenant
Structures.

I - Section 2 - Description of the Dam and Operatlng
: Condition.

Knightville Dam is located on the Westfield River
about 4 miles north of the town of Huntington, Massachusetts.
Construction of the dam and other structures was initiated
in 1939 and completed in 1941. <Recreational facilities
were provided. The dam is of the hydraulic earth-£fill type
with a dumped rock shell. It has a top length-of 1,200
feet and a maximum height above the stream bed of 160 feet.
A curved concrete spillway, about 405 feet long, is located
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on rock in a natural saddle at the west end of the dam.
The crest of the spillway is at Elevation 610; this is -

20 feet below the top of dam to insure the dam against
overtopping during the maximum probable flood. Gated out-
let works, founded on bedrock, are located under and at
the west end of the dam embankment. The three gates are
normally kept open and the reservoir empty. During time
of flood, the gates are closed to temporarily store
floodwaters in the reservoir. :

, The spillway was designed to have sufficient capacity
to pass the spillway design flood, which is 50 percent
greater than the maximum predicted flood. The outlet struc-
ture has a discharge capacity of 8,500 cfs. It was designed
to empty a full reservoir {(water at Elevation 610) within
a period of a few days. This has occurred only once since
the dam was built. Normally, with the outlet gates just
partially open, the water level in the reserVOLr does not
reach the bottom of the spillway wall.

The hydrclogical data for structural stability,
updated and furnished by the COntractlng Officer, are
as follows:

{a) TFull Pool Condltlon (pool at spillway crest,
minimum tail water):

Energy gradient at spillway (ft. msl) 610.0
Tail-water energy gradient : 463.0

{b) Design Discharge Condition (reservoir at peak
; level of probable maximum flood and corresponding
tail waters):

Energy gradient at spillway - 629.3
Tail-water energy gradient 510.0
Tail-water water surface 507.0

I - Section 3 < Criteria for Analysis.

The principal concrete structures and project features
analyzed for stability consist of the following: '

{a}) ., Intake Tower

(b) Service Bridge Piers

{(c) Spillway.

(d) Spillway Retalnlng Walls
(e} Concrete Toe Wall
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Two members of our engineering staff visited the site
on December 28, 1973 (copy of memorandum enclosed).

‘To check sliding resistance of structures under lateral
loading, a method different from the original design cal-
culations has been used. This is the Shear-Friction Factor
of Safety formula, as outlined in the Engineer Technical
Letter No. 1110-2-184 of 25 Feb. 1974. The sliding resis-
tance is a function of the angle of internal friction and
the unit shearing strength of the foundation material.

Where the base o0f the concrete structure is embedded in
rock, the passive resistance of the downstream layer of
rock may be utilized in addition to the sliding resistance.

In the analysis of the Knightville Dam structures, the
shear-friction safety factor formula used includes all
three contributing resistances, namely, the friction, the
shearing strength, and the passive reactiocn where applicable.
All the structures were analyzed for stability at the inter-
face between rock and the concrete and bond shear value as
shown in Section I-4 was used instead of a higher shearing
strength of the rock.

For the spillway weir and the toe wall, a minimum
shear~friction factor of safety of 4 is required for all
conditions of loading when earthquake is not considered.
When earthquake is considered, this factor of safety should
exceed 2-2/3. Retaining walls on earth require a shear-
friction factor of safety of Tan g/1.5.

The resistance to overturning is determined according
to current criteria by the location of the resultant of
vertical forces at the base. With active earth pressures
and without seismic forces, the resultant must be located
within the kern. Where earthguake is considered, it is
acceptable if the resultant stays within the width of the
base. The kern is the middle third of the base width.

The original design of 1939 did not consider earth-
gquake pressures because the possibility of an earthquake
occurring at the time of flood was considered to be
extremely remote. This analysis includes seismic forces,
as specified for Zone 2 (moderate damage), with acceler-
ation of 0.10g. Because the Knightville Dam is located
on the border line between Zone 1 and Zone 2, as shown on
the Seismic Risk Map of the U.S., included with ETL 1110-
' 2-109, it is considered approprlate and more conservatlve
‘to use Zone' 2 requirements.

Appendix 3
3



The seismic forces applied to this stability analyéis
are in accordance with EM 1110-2-2200 of 25 Sept. 1958:

(a) Inertia force Pgy = 0.10W, acting horizontally
through the center of gravity in any direction.

(b} Dynamic water by Westergaard's formula, first
published in 1933, and expressed in terms of
horizontal force P., and moment M, at any
depth y. Factor C = 51 1lbs./ft.3 was used
throughout assuming t = 1 sec. This factor
does not change appreciably within the range
of height from 30 feet to 200 feet.

(c} Dynamic earth pressure in accordance with
EM 1110-2-2502 of 25 Jan. 1965, was applied
at abcut 2/3 of the fill height. This pressure
is equal to about 20 percent of static lateral
earth pressure. The backfill between a sloping
wall and a vertical plane through the heel
was added to the wall mass for calculation of
inertia force Pgq.

Ice pressure, used where applicable, is 5,000 psf x
2 feet = 10,000 pounds per linear foot of structure (ref.
to EM 1110-2-2200, Sec. 2-07). In the original design of
1939, ice force applied was 1,000 pounds per linear foot
only (App. A, p. 70).

The uplift pressure at any point under all structures
is the tail-water pressure plus the pressure measured as
an ordinate from tail water to the hydraulic gradient
between the upstream and the downstream sides. The uplift
considered in the original design of 1939 was only 50
percent of these wvalues. In this analysis, the uplift
pressure is considered to act over 100 percent of the base
area, measured from the upstream to the downstream edge.

I - Section 4 - Evaluation of Foundations on Rock.

Reference is made- to "Analysis of Design," Corps of
Engineers, Providence, Rhode Island, 193%. '

‘ Subsurface exploration for the existing dam was obtained
by either corée borings or test pits. Rock samples were
obtained from cores, peénetrating on the average of 13.5
feet below rock surface. Test pits were located in order
to ascertain the character of the overburden in more detail
than it was possible to do with borings., Site inspection
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on subsurface éxploration indicates that these rocks are

on a part of extensive metamorphic formations, consisting
of quartzitic schist and mica schist. The bedding is
steeply inclined with angles of inclination varying between
600 west and 80C west. The strike of the bedding is
approximately north-south.

Mechanical weathering, chiefly frost action, has
affected the upper portions of the formation near the
surface by opening small cracks along the bedding planes.
In the quartzitic schist varieties, these cracks become
less prominent or entirely disappear within varying diepths
of from 5 to 15 feet. 1In all other respects, the rock is
structurally sound.

All concrete structures analyzed are shown on the
plans to be founded upon solid rock. Excavation to sound
rock was estimated to be approximately 4 feet deep in the
spillway area. Sealing cracks and small fissures in the
rock beneath retaining walls and the concrete weir were
required during construction.

Allowable bearing pressure for the massive crystalline,
igneous and metamorphic rock with minor cracks may be
as high as 80 tons per square foot. Foliated, metamorphic
rock, such as schist, may be loaded up to 35 tons per
square foot. For the rock type as described in the Analysis
of Design, 1939, an allowable unit shearing stress of
75 psi or more is permissible.

I ~ Section 5 - Allowable Unit Stresses at Interface
of Concrete and Rock.

Allowable stresses at the bonded surface between
concrete and rock are related to shear strength of 3,000
psi concrete and to the type of rock at the site. EM
1110~1-2101 refers to the ACI Building Code for allowable
stresses in concrete with certain modifications. The
following allowable stresses are used in this report:

(a) Concrete - Compressive strength fo1 =
3,000 psi at 28 days. :

(b) Rock (weathered or unweathered schistose
- gneiss, ETL 1110-2-184, 25 Feb. 1974) -

Average compressive strength = 13,450 psji

Average shear strength = 1,800 psi. '

Appendix 3
5



(c)

(a)

(e)

Allowable bearing on rock - 35 tons/s.f. =
485 psi (less than allowable compression,
direct or flexural, in concrete).

Shear at interface between rock and concrete =
75 psi. This wvalue is lower than the allowable
value based on shear strength of the rock or
the allowable shear in unreinforced concrete
footing.

Coefficient of frictional resistance = 0.7

(based on tangent of the angle of internal
friction for foundation material or angle of
sliding friction).

These allowable unit stresses may be increased by
33-1/3 percent with Group Il Loadings, such as wind, ice
or earthquake (EM 1110-2-2101).
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- PART 11

RESULTS OF THE ANALYSIS

II - Section 1 - Intake Tower.

The intake tower is located at the upstream end of
-the tunnel directly above the transition section and is
founded on solid rock. 1In plan, the tower measures approx-
imately 35 feet by 46 feet at the top and has variable
dimensions within its height, including diagonal counter-
forts, extending up the tower, at the four corners. The
total height of the tower from the roof of the transition
section to the floor of the cperating house is 138 feet.
The downstream wall of the tower rests against rock for

a height of approximately 67 feet, leaving a free height
of the tower of approximately 71 feet.

_ The tower was analyzed for stability at three levels;
Elevations 545, 526.5, and 477 (on rock). Loading cases
applied are those listed in EM 1110-2-2400, Section 3-07.c,
entitled "Stability of Gate Structure at Upstream End."
Applicable were Cases I through Vv, and IA, IIA, IIIA, and
IVA, including seismic acceleration of 0.10g for Zone 2.
During the analysis, obviously noncritical loading cases
were eliminated by comparison with other loadings. A total
of 18 loading cases for the three plan sections have been
analyzed. Ten of the cases were considered at the base,
Elevation 477. With combinations of lateral lcads, both
the axis of the weaker moment of inertia and the diagonal
axis were considered.

At the upper levels, Elevations 545 and 526.5, the
bending and shearing stresses in concrete are well within
allowable limits. The stability regquirements against over-
turning are satisfied as the resultant falls within the
middle third of the base in all cases, I to V, except for
Case II.

For Loading Case II with maximum ice pressure on one
side, the resultant falls out of the kern with 78 percent
of the base remaining in bearing. Considering the tower
base embedment into the rock below Elevation 545.0 and the
bearing of the diagonal counterforts against the rock pro-
viding additional overturning resistance, the resultant
will be within the kern. With seismic loading, the resultant
falls outside of . he kern but well within the base. These
are CasesIA, IIA, IIIA, <and IVA.
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At the base level, Elevation 477.0, with seismic
loading, the minimum sliding; factor of safety based on
frictional resistance only is 1.53. For all loading cases,
the sliding stability criteria are satisfied. The bearing
pressure on rock does not exceed 31.3 tons per square foot
with seismic loading (vs. allowable 1.33 x 35 = 46T/S.F.)
and is a maximum of 10.6T/S.F. for other loading cases.

Under the specified loading cases, the intake tower
is stable and no modification or strengthening is required.

i
II - Section 2 -~ Service Bridge Piers.

Two intermediate piers of reinforced concrete founded
on rock support the service bridge connecting the intake
tower with the dam. The service bridge consists of three
steel plate girder spans of 70 feet each. The design
loading is AASHO H-15.

Loading cases considered are those specified for gravity
dams in EM 1110-2-2200. The free standing Pier No. 1 was
analyzed. Pier No. 2, built integrally with a retaining
wall, is more stable and therefore, did not require a
separate analysis. :

Stability was checked at Elevation 558, which is the
average depth of concrete foundation embedded in a sloping
rock surface, as shown on design drawings. The top of pier
is approximately 65 feet above this reference line. 1In
calculating uplift forces for flood conditions, the bridge
deck was assumed to be fully submerged as the roadway eleva-
tion is only a little more than one foot higher than the
probable maximunr flood. Factor of safety against uplift
during flood is 2.2.

Wind loading of 30 psf was applied at 30° to the
longitudinal axis of the bridge to give the maximum lateral
load to be resisted by the minimum pier cross section.

Ice forces, acting all around the pier, would not affect
the stability of the pier.

The minimum factor of safety against sliding based only
on frictional resistance is 3.0, greater than the required
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factor of safety of 1.5. Maximum bearing pressure on rock
is 15.9T/S.F. with earthguake loading, and only 5.2T/S.F.
with wind loads.

For Pier 1, the resultant is within the kern of the
Ease for Loadlng Cases I to IV, dead load plus wind. For
Loading Case VI with uplift on the pier and earthquake
forces, the resultant falls outside of the base.  To prevent
overturning of the pier, a horizontal reaction at the bridge
deck through bearings on the pier is necessary. The
reaction computed is relatively small, only 840 pounds.
This force would have to be shared by at least two fixed
bearings with eight 1-~1/4" f§ anchor beolts, and transmitted
to the entire bridge structure through the deck. It is
unlikely that any horizontal movement of the top of the
pier would occur and it would be limited to a 2-inch gap
between the concrete deck curbing. Therefore, no remedial
measures are needed to improve the stability of the service
bridge piers.

II - Section 3 - Spillway.

The spillway is of a gravity wall type with an overflow
spillway wiér approximately 400 feet long at the crest.
The structure is divided into fourteen concrete monoliths,
typically 30 feet long and separated by expansion jcints
with copper waterstops. The central part consists of eight
monoliths, varying in height from approximately 40 to 70
feet. The spillway crest is at Elevation 610. The toes
of these monoliths aré embedded in rock to a depth of at
least 6 feet along the downstream side.

The three monoliths at the east end of the spillway
were built to the initial crest elevation of 600 and later
raised to the final elevation of 61C. The total height is
about 35 feet, the embedment of toe in rock is a minimum
of 4 feet. The horizontal construction joint at Elevation
600 is reinforced with vertical steel dowels along the
upstream face and with inclined dowels on the downstrean
side. The last monolith at the east end of the spillway
is anchored into the retaining wall by means of horizontal
steel dowels..

The four small monoliths at the west end of the spillway
were initially built to Elevation 600 and then raised to
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Elevation 610. These monoliths are only 16 feet high,
with embedment of toe in rock to a minimum of 3 feet.
There are five rows of steel anchers drilled into rock
and dowels at both faces in the horizcontal construction
joint at Elevation 600. There is no indication of hori-
zontal dowels into rock at the first monolith.

The width of the spillway wall approximately equals
its height. As the monoliths are not connected by shear
keys, each of them has t¢ be stable by itself under any
loading condition. Four monoliths were analyzed.

Loading cases applied are in accordance with EM 1110-
2-2200, Section 3-01. Applicable were cases: II - normal
operating; IV -~ flood discharge; and VI - normal operating
with earthguake.,

The hydrologic data supplied to us for this spillway
are the following:

Loéding Case II - Full Pool Condition (pool at
spillway crest, minimuh tail water):

' Energy gradient at spillway (ft. msl) 610.0
Tail-water energy gradient 463.0

Loading Case IV - Design Discharge Condition (reservoir
at peak level of probable maximum flood):

. i
Energy gradient at spillway (ft. msl) 629.3
Tail-water energy gradient (ft. msl) 510.0
Tail-water water surface (ft. msl) - 507.0

The critical values cof the factors of safety against
sliding, bearing pressures and location of resultant for
each monolith analyzed are shown in Table 1.

For Sections A/24, B/24, and E/26, as shown on the
original drawings, under Loading Case II including ice
forces, the resultant remains within the middle third of
the base; and under Loading Case VI, with earthquake forces,
the resultant is always within the base. The overturning
stability criteria is not satisfied for B/24 and E/26 sections
under Loading Case IV - Flood Discharge. Spillway Section
E/26 above the construction joint at Elevation 600 was
analyzed for Loading Cases IV and VI and was found to be
stable. To satisfy the overturning stability criteria,
remedial measures are recommended for approximately the 315-
foot length of the spillway weir where no anchorage system
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i
was provided. The approximate cost of providing new post-
{iensioned rcck anchors from 55 to 85 feet long with minimum
of 20 feet embedment will range between $580,000 to $665,000,
depending on the system selected. Additional investigation
regarding a relaxation of the stability criteria for flocd
loading on existing structures is recommended in order to
determine the necessity of a new anchorage.

The analysis of the fourth monolith from the east end
was done at an assumed failure plane through rock, 10 feet
below the concrete base. With the limited length of the
rock beam because of daylighting at the downstream side,
the minimum factor of safety against sliding is 1.47,
approximately equal to the required 1.50. Maximum bearing
pressure of 2.1T/S.F. is well below the allowable value at
the. site. The same monclith was analyzed at the interface
of concrete base and the rock. Flood discharge loading
will increase the foundation bearing pressure to a maximum
of 5.4T/S.F., and the resultant will be outside of the
middle third. Same anchorage system should be used on this
monolith as selected for other monoliths.
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> TABLE 1
o —
»-ahr% SPILLWAY
MDD A —
o,
&
w location of Resultant  Percent Bearing Pressures on Rock
In Middle In Base-In Resistance to Sliding Maximum " Minimum
Monolith and Section Loading Case Third Base Bearing Factor of Safety (1) Tons/S.F.
Central ; IT Yes - - 6.2 3.6 0.4%
B/24 ‘ v No* Yes 78 4.2 4.7 -
: VI Yes - - 4.8 4.2 -
West End. : II Yes - - 63 0.5 0.33
A/24 v Yeg Yes - 16.4 0.5 -
Vi Yes - - 36 0.5 0.38
East End ' II Yes - - 17.3 2.1 0.53
E/26 v No* Yes 38 7.8 5.8 -
VI No Yes 28 11.0 2.7 -
East End Fourth
Monolith at '
Concrete Base Iv-2 No* Yes 51 5.7 5.4 -
At 10 Feet
Below Concrete
Base in Rock _
Elevation 549 Iv=-2 Yes - - 1.47 2.1 1.24

*New anchorage system recommended.

(1) With allowable bond shear 75 psi.
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IT - Section 4 - Spillway Retaining Walls.

Near the dam, there are two retaining walls; one
separates the earth-f£fill embankment from the spillway weir,
and the other protects the downstream toe of the dam at
the river channel from erosion at the outlet. Both walls
are concrete gravity sections. The latter will be dlscussed
in the next section, Concrete Toe Wall.

The retaining wall starts at one pier of the service
bridge, includes the bridge abutment, connects with the
east end of the spillway wall, and extends downstream about
150 feet from the spillway. The maximum height of this'wall
is about 55 feet, with a corresponding width of 40 feet,
and the minimum height is 10 feet at the south end. The
layout of this wall has two turns which add to the stability.
This feature was not reflected in the design or in the
stability analysis. The full length of the wall is founded
on rock with embedment 2 to 3 feet deep.

The retaining wall was analyzed in accordance with
EM 1110-2-2502 for "at rest" and "active" earth pressures,
with no fill or water in front of the wall, with the following
exceptions: '

(a) Upstream wall, during flood, with water on
all sides of the wall.

-'» (b) For earthquake loads, passive resistance of
rock embedment was used in computing sliding
factor of safety.

Uplift pressures assumed are 100 percent of hydrostatlc
head at the heel and zero at the toe.

Loading cases considered were:

Case I - Normal water level (maximum Elevation
610).

Case IA - Normal water level plus earthqguake.

Case 1II - Floodwater level, Elevation 629.3.

Case III - Water level on both 51des up to

Elevation 610.
Case IIIA - Water level on becth sides plus earthquake.

The latter two cases, III and IIIA, are applicable to
walls on the upstream side of the spillway.
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The tabulated critical values of factors of safety
and bearing pressures for each wall section analyzed are
shown in Table 2. With earthquake forces, the vertical
resultant may be located outside of the middle third of
the base. For such cases, the percentages of the width
of base which will be in bearing are calculated. Neither
of these pressures is excessive; therefore, all wall
sections are acceptable as stable under &ll loading cases
considered.
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TABLE 2

SPILLWAY RETAINING WALLS

‘Location of Resultant Percent Bearing Pressures on Rock
' ) : In Middle - In Base In Resistance to $liding Maximum Minimum
Wall Section . Loading Case Third Base Bearing Factor of Safety (1) ..~ Tons/S.F.
D-25 I B Yes - - 7.0 5.1 0.35
(60 Feet High) I1 ) Yes - - 14.3 3.0 0.78
' I-A No Yes 53 4.5 10.4
c-25 N " Yes - - 9.3 4.6 0.37
(60 Feet High) I Yes - - 18.1 2.6 1.68
' III Yes - - - 14.3 3.2 0.30
I-A . No Yes 61 6.3 7.9
III-A No Yes 60 8.1 5.7 -
F-25 High I Yes : - - 7.9 3.6 0.42
{45 Feet High) I-A No Yes 63 5.5 6.4 -
F-25 Low 1 , Yes - - . 9.8 2.6 0.21
(31 Feet High) I-a No ) Yes 58 6.9 4.8 -

(1) With allowable bond shear 75 psi.

—
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ITI - Section 5 -~ €Concrete Toe:Wall.

This retaining wall of concrete gravity section protects
the downstream tce of the dam at the river crossing from
erosion by the outlet flow. It was designed for hydrostatic
head and lateral rock pressure. Having a total length of
232 feet, this wall varies in height from a maximum of 76
feet to a minimum of 5 feet. The wall consists of five
different moncliths separated by expansion joints. The
top elevation starts at Elevation 547.5 feet at the west
end and slopes down to Elevation 500.6 feet at the other
end. The design drawings show that the base of the toe
wall is built on sound rock excavated several feet below
the original rock line. 1In plan, this wall follows a
circle with a radius of 156 feet. The arching of the
structure in plan adds to its stability.

The analysis of stabkility was done for three different
monoliths without relying upon the beneficial arching. The
sections were analyzed as gravity walls for the following
loading cases:

Case I-1 - Full pool, water at the rear of toe
wall at Elevation 503 feet (same as
in the original design calculations,
p. 130 revised).

Casgse I-2 -~ Maximum floeod, water at both sides
of toe wall at Elevation 507 feet.

Case II-la - Loading consists of Case I-1, as
outlined above, plus earthquake
forces. '

According to EM 1110-2-2502, Sec. 4.e., vertical
resultant location outside the middle third is acceptable
with lateral loading calculated "at rest." Accordingly,
the use of middle third criteria with gravity walls on
rock for "active" pressure produces an adegquate factor of
safety for "at rest" pressure. Therefore, this stability
analysis was done.using "active" pressure produced by the
rock backfill (f = 459, XK; = 0.19). To allow for the effect
of the backfill sloping upward, the horizontal force was
applied at 0.45 times the height. The acceptable location
of the resultant is within the middle third except with
earthquake forces.
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The takulated critical values of factors of safety
and bearing pressures for each monolith analyzed are shown
in Table 3. None of these pressures are excessive and
factors of safety calculated are better than the minimum
required. Therefore, all wall sections can be considered
to be stable under any loading condition.

Appendix 3
17



81
¢ xipuaddy

Wall Section’

Top Elevation 539
{76 FPeet High)

Top Elevation 528
{65 Feet High)

Top Elevation 512
{28 Feet High)

TABLE 3

CONCRETE TOE WALL

Location of Resultant Percent : _ Bearing Pressures on Rock
In Middle In Base In Resistance to Sliding Maximum Minimum
Loading Case Third Base Bearing Factor of Safety (1) Tons/S.F.
I-1 Yes - - 6.7 7.2 0.45
I-2 Yes - - 10.1 4.9 1.85
I1-la No Yes 67 4.3 11.5 -
I-1 Yes - - 6.7 5.4 - 1.25
I-2 Yes - - “10.4 3.6 1.90
Ir-la No Yes 78 4.6 8.6 -
1-1 Yes - - 16.0 2.9 0.19
I-2 Yes - - 30.9 1.7 0,70
II-la No Yes 70 10.8 4.4 -

(1) With allowable bond shear 75 psi.




CONCLUSIONS

All of the Knightville Dam concrete structures analyzed
for stability satisfy the prescrlbed requirements, except
the spillway moncliths at maximum flood discharge condition.
In those loading cases, the vertical resultant is located
outside of the middle third of the base. The new stability
requirements include 100 percent uplift at the base. If
the stability c¢riteria for existing structures at maximum
flood loading cannot be relaxed to allow the resultant to
fall outside of the kern but safely within the base, expens;ve
remedial measures are necessary for the spillway. The
recommended system of new drilled-in and grouted. post-
tensioned anchors is estimated to cost about $600,000. All
structures were analyzed for Seismic Risk Zone 2; but because
the dam is located on the border line of Zone 1, a reduced
acceleration factor could be Justlfled.
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MEMORANDUM

Site Visit to Knightville Dam on Westfield River

Huntington, Massachusetts

December 28, 1973

The writer and Mr. Sanat Patwari arrived at the site
at 10 a.m. and were shown around by Mr. Louis Laford and
his assistant. Visual inspection included the following
structures: :

1.

6.

The Dam. Walked along the roadway. Pavement
did not show any holes, settlement, or cracks.
The riprap on both sides looks like new.
There was little water in the reservoir.

Intake Tower. All visible concrete surfaces
appear to be in sound condition. We went by
stairs down to the basement floor, Elevation
610, but not below. The gates were open;

one by two feet, the other two by six inches.

Bridge Piers. No water on the riprap slope,
both piers (and the abutment) visible all
the way down. Concrete is in good condition.

Spillway Wall. The concrete at top of weir
spalling and cracked. On the downstream side,
several diagonal cracks and leaking construc-
tion joints visible. No misalignment. No
cracks cor defects at either abutment.

Retaining Wall at Spillway. Several construction

joints (expansion Jjoints revealed some deteri-
oration of concrete) spalled away edges at top
and at west sides.

Concrete Toe Wall. This was seen from the

downstream side. No visible cracks.

Maximum water in the reservoir during December was on
December 24, Elevation 83.3 feet. After having dropped to
Elevation 70.0, it rose to 77.0 and now passes the tunnel
at the rate of 3500 cubic feet per second. These elevations
related to zero at outlet sill which is at Elevation 480
Mean Sea Level. '
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We did not notice any variances to conditions indicated
"on drawings and descriptions furnished to us that would affect
the stability analysis of structures.

Eight photographs were taken. The temperature was about
32 degrees, mild, and sunny.

Jurgis Gimbutas

JG:v3
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